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ABSTRACT 
The Coastal Ocean Dynamics Experiment 
(CODE) was undertaken to identify and study 
the important dynamical processes \'lhich 
govern the wind-driven motion of coasta 1 
water over the continental shelf. The 
initial effort in this multi-year, multi-
institutional research program was to ob-
tain high-quality data sets of all the 
relevant pi'\Ysical variables needed to con-
struct accurate kinematic and Q}'namic de-
scriptions of the response of shelf water 
to strong wind forcing in the 2 to 10 day 
band. A series of two small-scale, densely-
instrumented field experiments of approxi-
mately four months duration (called CODE-1 
and CODE-2) were designed to explore and 
to determine the kinematics and momentum 
and heat balances of the local wind-driven 
flow over a region of the northern Cali-
forni a she 1 f which is characterized by both 
relatively simple bottom topography and 
1 a rge wind stress events in both winter 
and summer. A more 1 i ghtly instrumented, 
long-term, large-scale component was de-
signed to help separate the local wind-
driven response in the region of the small-
seale experiments from motions generated 
either offshore by the California Current 
system or in some distant region along the 
coast, and also to help determine the sea-
sonal cycles of the atmospheric forcing, 
water structure, and coastal currents over 
the northern California shelf. 
The first sma 11 -sea 1 e experiment 
(CODE-1) was conducted between Apri 1 and 
August, 1981 as a pi 1 ot study in which 
primary emphasis was placed on character-
izing the wind-driven 11 signal 11 and the 
11
noise11 from which this signal must be 
extracted. In particular, CODE-1 was 
designed to identify the key features of 
the circulation and its variability over 
the northern California shelf and to 
determine the important time and 1 ength 
scales of the wind-driven response. This 
report presents a basic description of the 
moored array data and some other Eulerian 
data collected during CODE-1. A brief 
description of the CODE-1 field program is 
presented first, followed by a description 
of the common data analysis procedures used 
to produce the various data sets presented 
here. Then basic descriptions of the fol-
lowing data sets are presented: (a) the 
coastal and moored meteorological measure-
ments, (b) the moored current measurements, 
(c) the moored temperature and conductivity 
observations, (d) the bottom pressure meas-
urements, and (e) the wind and adjusted 
coastal sea level observations obtained as 
part of the CODE-1 large-scale component. · 
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A. INTRODUCTION 
The Coastal Ocean Dynamics Experiment 
(CODE) was undertaken to identify and study 
the important dynamical processes which 
govern the wind-driven motion of coastal 
water over the continental shelf. The 
initial effort in this multi-year, multi-
; nsti tuti onal research program was to ob-
tain high-quality data sets of all the 
relevant physical variables needed to con-
struct accurate kinematic and dynamic de-
scriptions of the response of shelf water 
to strong wind forcing in the 2 to 10 day 
band. A series of two small-scale, densely-
instrumented field experiments of approxi-
mately four months duration (called CODE-1 
and CODE-2) were designed to explore and 
to detenni ne the kinematics and momentum 
and heat balances of the local wind-driven 
flow over a region of the northern Cali-
forni a shelf which is characterized by both 
relatively simple bottom topography and 
large wind stress events in both winter 
and summer. A more 1 i ghtly instrumented, 
1 ong-tenn, 1 a rge-scal e component was de-
signed to help separate the local wind-
driven response in the region of the small-
seale experiments from motions generated 
either offshore by the California CUrrent 
system or in some distant region along the 
coast, and also to help detenni ne the sea-
sonal cycles of the atmospheric forcing, 
water structure, and coastal currents over 
the northern California shelf. 
The first small-scale experiment 
(CODE-1) was conducted between April and 
August, 1981 as a pilot study in which pri-
mary emphasis was placed on characterizing 
both the wind-driven 11 Signal 11 and the 
11
noise11 from which this signal must be ex-
tracted. In particular, CODE-1 was designed 
to identify the key features of the circula-
tion and its variability over the northern 
California shelf and to detennine the im-
portant time and length scales of the wind-
driven response. This report presents a 
basic description of the moored array data 
and some other Eulerian data collected dur-
ing CODE-1. A more complete description of 
the CODE-1 field program and the motivation 
behind the experimental design has been 
given elsewhere by Allen et al. (1982), and 
other data (e.g., hydrographic, drifter, 
CODAR, aircraft, etc.) collected in CODE-1 
which is not presented here will be presen-
ted in separate data reports. 
A brief description of the CODE-1 field 
program will be presented next, followed by 
a description of the co11111on data analysis 
procedures used to produce the various data 
sets presented here. 
B. THE CODE-1 FIELD EXPERIMENT 
The site selected for CODE-1 is a region 
of the continental shelf north of San Fran-
cisco extending from Point Reyes north to 
Point Arena (see Figures 1 and 2). Relative 
to the rest of the California shelf, this 
location is characterized by both simple 
bottom topography and large wind stress 
fluctuations during both winter and summer. 
The monthly mean wind stresses in the selec-
ted region are the largest on the West 
Coast. More importantly, the fluctuating 
wind stress exhibits large variability on 
time scales of several days, superposed on 
a strong annual cycle which consists of 
generally southward (upwelling- favorable) 
winds in the spring and summer and strong 
variable winds in the winter. The middle 
and outer shelf in this region has a mud/ 
si 1 ty-sand bottom and is generally charac-
terized by an absence of large-scale bed-
fonns {Cacchione et al., 1983), hence rel a-
tively well-behaved near-bottom flow was 
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Figure 1. The region of the CODE-1 small-
scale experiment shown in relationship to the 
rest of the California coast and adjacent 
continental shelf. The locations of the large-
scale pressure array and the California wind 
and sea level stations are also included. 
expected and found in CODE-1 (Grant et al., 
1983). Finally, the proximity of adequate 
port and laboratory facilities in San Fran-
cisco, Bodega Bay, and Newport (Oregon), 
combined with the use of a dedicated re-
search vessel, the R/V Wecoma, simplified 
the logistics in studying this region. 
CODE-1 was designed to determine the 
important time and spatial scales of the 
most energetic wind-driven response in the 
different fields of observation and to begin 
to identify and describe the important kin-
ematic and dynamic features of the response. 
The major observational elements in CODE-1 
were: (a) moored arrays instrumented to 
measure wind ve 1 oc i ty, air temperature, 
solar radiation, current velocity, water 
temperature, conductivity, bottom pressure, 
and to estimate bottom stress, (b) shipboard 
observations of water temperature, conduc-
tivity, and current velocity as a function 
of depth and (c) aircraft observations of 
wind velocity, wind stress, sea surface tem-
perature, surface drifter motion, and atmos-
pheric structure. In addition, surface 
drifters were tracked from shore, and the 
surface current pattern near the center of 
the moored array was mapped using a shore-
based high frequency radar system called 
CODAR. Sa tell ite-deri ved sea surface tem-
perature data and coastal zone color scanner 
(CZCS) data were collected, and auxiliary 
measurements of wind, atmospheric pressure, 
and sea 1 evel at appropriate coastal sta-
tions and environmental buoys were also ob-
tained. The individual principal investiga-
tors responsible for these different obser-
vational components are listed in Table 1. 
The moored current meter program was 
designed to examine the vertical and hori-
zontal structure of the current and temper-
ature fields over the shelf and upper slope. 
kcordi ngly, a T -shaped array of i nstrumen-
ted moorings was deployed consisting of a 
five-element cross-shelf transect and a 
three-element subarray deployed along the 
90 m isobath. A plan view of the CODE-1 
moored array design is shown in Figure 2, 
and a schematic side view given in Figure 3. 
Previous observations suggested that the 
vertical structure of currents was 1 i kely 
to change most rapidly in a cross-shelf 
direction and thus the central line located 
off Stewart's Point near Sea Ranch was most 
heavily instrumented with moorings deployed 
in depths of 30 m (Cl), 60 m (C2), 90 m 
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Figure 2. The CODE-I moored array design, showing the locations of the 
principal CODE-I measurement sites along northern ( N), central (C), and 
southern (S) cross-shelf transects. The instrumentation and mooring code 
indicates the type of measurement made at each site. The meteorological 
buoy NDBO I4 is not shown since it is located north of Point Arena. 
(C3), and 130 m (C4) on the shelf and in 
400 m (CS) depth on the adjacent slope. 
Less heavily instrumented current meter 
moorings were deployed at M3 and R3 along 
the 90 m isobath to examine the along-shelf 
structure. As part of the moored current 
meter array, meteorological buoys were 
deployed at C1, C3, and CS along the cen-
tral line and at R3 along the 90 m isobath. 
An electronic failure prior to launch pre-
vented the meteorological instrumentation 
deployed at C1 from returning any data; 
thus the Cl meteorological instrumentation 
is not shown in Figures 2, 3, and 5.) 
Coastal sea level measurements were 
obtained for Arena Cove (near Point Arena) 
and bottom pressure/temperature instruments 
were deployed at SO, S2, S4, C1, C2, C4, 
N1, N2 and N4 (see Figure 2) to (a) measure 
the along- and cross-shelf structure of the 
pressure field and (b) allow estimation of 
the along- and cross-shelf pressure grad-
ients in the region of the CODE-1 small-
scale array. Additional bottom pressure/ 
temperature instruments were deployed along 
the 130m isobath at A4, 84, and E4 (see 
Figure 1) as part of the large-scale com-
ponent. Independent thermistor chains were 
5 
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Figure 3. A three-dimensional schematic of the CODE-1 moored array. 
Current meter locations are identified by (•), meteorological buoys 
(9f), the temperature/conductivity chain (o), the bottom stress instru-
mentation (~. m ) , bottom pressure/ temperature recorders (*), CODAR 
shore stations(!), and coastal meteorological stations (•). Thermistor 
chains are shown at C2 and S2. 
deployed at C2 and S2, and a prototype tem-
perature/conductivity chain was deployed at 
C4 to obtain preliminary data on the inter-
nal density (and hence pressure) structure 
and its variability. The bottom pressure 
observations were augmented by synthetic 
subsurface pressure data computed from 
coastal sea level and atmospheric pressure 
observations at coastal stations along the 
West Coast of North America (see Figure 1). 
In general, several different types of 
moorings were deployed at each site in the 
CODE-1 moored array. Near-surface current 
meters were supported by surface buoys which 
were either instrumented meteorological 
buoys or uninstrumented guard buoys. Deeper 
current meters and the thermistor chains 
were deployed on subsurface moorings which 
were set between clusters of surface buoys 
to help protect the subsurface mooring from 
fishing activity. The bottom instrumentation 
were generally set as close to the cluster 
of surface buoys as possible. A detailed 
plan view of the individual moorings de-
ployed at each site is given in Figure 4. 
The individual moorings at a site are dis-
tinguished by the letter following the site 
identification. The following scheme was 
TABLE 1: CODE Principal Investigators 
Investigator (Affiliation) Research Area 
J. Allen (OSU) 
A. Huyer ( OSU) 
R. Davis/C. Winant (SIO) 
W. Brown/J. Irish (UNH) 
W. Grant/A. Williams III (WHOI) 
D. Cacchione/0. Drake (USGS) 
R. Beardsley (WHO I) 
C. Friehe (NCAR/U.C. Irvine) 
M. Janopaul/S. Frisch (NOAA) 
Large-scale atmospheric pressure, winds, and coastal 
sea-level observations. 
Hydrography. 
Small-scale current and temperature measurements, 
Lagrangian flow measurements, shipboard current meas-
urements, and satellite data. 
Bottom pressure measurements, density chain and upward 
Doppler profiler development. 
Bottom stress measurements, swell and wind-wave cli-
mate, bottom topography and geology. 
Long-term current and temperature observations, small-
scale buoy wind measurements, overall program coordi-
nation. 
Aircraft measurements of wind, wind stress, and plan-
etary boundary layer structure. 
CODAR surface-current measurements. 
generally used, however, some exceptions 
were made. Uninstrumented surface buoys 
supporting sub-surface instrumentation were 
1 a belled A, instrumented surface buoys, some 
of which supported subsurface i nstrumenta-
tion, were labelled B, uninstrumented guard 
buoys were labelled either G or H, and sub-
surface current meter and thermistor chain 
moorings were labelled S. The temperature/ 
conductivity chain deployed at C4 was 1 ab-
el led Q. The relative positions have been 
determined from a combination of radar 
ranges and bearings, Loran-e position data, 
and optical bearings taken during the de-
ployment and recovery cruises and are con-
sidered to have an estimated uncertainty of 
:t 50 m. Coordinates for each mooring are 
given in Table 2, and relative positions 
are shown in Figure 4; the coordinates are 
considered to be less accurate than the 
positions shown in the figure due to errors 
in the conversion of Loran-e data into lat-
itude and longitude. A summary of all 
instrumentation deployed on the different 
moorings at each site is also listed in 
Table 2. 
The CODE-1 moored array was deployed in 
stages during a series of cruises conducted 
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Figure 4. The relative positions of individ-
ual moorings at each station are shown in the 
outlined boxes. The orientation and horizon-
tal scale are common to all boxes. 
aboard the research vessels Wecoma, S.P. 
Lee, E.B. Scripps, and Acania by SIO, UNH, 
and WHO! between March 23 and April 24. The 
array was also recovered in stages during a 
series of cruises aboard the Wecoma, E. B. 
Scripps, and Acania during the period July 
16 to August 8. Consequently, the instru-
ments at different stations had different 
deployment periods which are shown in Fig-
ure 5 along with the times during which 
other CODE-1 measurements were made. Each 
individual instrument did not necessarily 
record good data for all of its variables 
for the entire period shown. The dates of 
good data return are included in the sepa-
rate chapters of this report along with more 
detailed descriptions of the various moored 
array data sets. 
While the different data sets presented 
in this report have been processed and edi-
ted at different laboratories using the 
standard procedures and routines used Qy 
each group, some common conventions have 
been used to standardize the basic data 
sets. For all vector and scalar variables 
that were sampled at intervals less than one 
hour, time series of one hour vector or 
scalar averages, centered on the even hour, 
have been constructed (e.g., the value as-
signed to 1200 is an average of data col-
lected between 1130 and 1230). All plots 
and statistics presented in this report are 
based on these one-hour averaged time series 
unless otherwise indicated. Greenwich Mean 
Time (GMT) is used as the common time ref-
erence. Where necessary, time series have 
been adjusted from Pacific Standard Time 
(PST} to Greenwich Mean Time by the addi-
tion of eight hours (1200 PST corresponds 
to 2000 GMT) • 
The vector current and wind data col-
lected in the CODE-1 region have been rota-
ted into a coordinate system aligned with 
the mean coastline orientation and shelf 
topographY near the central 1 i ne. The new 
coordinate system is rotated 43° counter-
clockwise with respect to true north. Thus 
the along-shelf component is positive to-
wards 317oT and the cross-shelf component 
is positive towards 47°T. Vector wind data 
collected outside of the CODE-1 region as 
part of the large-scale component have been 
rotated differently into a 1 ocal principal 
axes coordinate system. 
The rest of this report is organized in 
the following way. The coastal and moored 
SCHEDULE OF CODE -I DEPLOYMENTS 1981 
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Figure 5. Deployment and recovery schedule for CODE-1 
instrumentation. 
meteorological and moored current observa-
tions made in the CODE-1 small-scale array 
shown in Figure 2 are presented in Chapters 
2 and 3, respectively. All moored tempera-
ture and conductivity observations and all 
bottom pressure observations made in both 
the CODE-1 small-scale {Figure 2) and CODE-1 
large-scale array {Figure 1) are described 
in Chapters 4 and 5, respectively. The 
final chapter presents the wind and adjus-
ted coastal sea level observations obtained 
as part of the CODE-1 large-scale component. 
9 
TABLE 2: Moored Instrumentation Deployed in CODE-1 
Instru-Water Date Date Instru- Sensor ment Data Stn Mooring Depth Latitude Longitude Set Recovered ment Depth Source Return (m) N w (m) 
A4 Bottom 127 34°43.2 1 120°50.2 1 04/07/81 07/28/81 P/T Std 127 UNH Complete B4 Bottom 125 37°17.3 1 122°47.0 1 04/08/81 07/16/81 P/T Std 125 UNH Complete 54 Bottom 130 38°14.2 1 123°19.6 1 04/23/81 07/16/81 P/T Std 130 UNH Complete D4 Bottom 130 39°58.8 1 124 °10.1 1 04/19/81 04/23/81 P/T Std 129 UNH Complete E4 Bottom 131 41°53.5 1 124°29.5 1 04/19/81 07/18/81 P/T Std 131 UNH Complete N4 Bottom 131 38°46.2 1 123° 45.5 1 04/18/81 07/18/81 P/T Std 131 UNH Short Record N2 Bottom 57 38.49.6 1 123°40.0 1 04/18/81 07/18/81 P /T Micro 57 UNH Complete N1 Bottom 41 38° 50 .o I 123° 39.5 1 04/17/81 07/18/81 P/T Std 41 UNH Noisy 
so Pier 4 38°18.7 1 123°03.1 1 03/27/81 08/03/81 p 3 SIO Complete 
52 S2S p3 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 8 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 11 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 15 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 19 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 23 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 27 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 31 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 35 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 39 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 43 SIO Complete 52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 47 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 51 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 55 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 59 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 T Chain 61 SIO Complete 
52 S2S 63 38°17.5 1 123°05.9 1 04/05/81 09/03/81 P/T 62 SIO Complete 
R3 R3B 90 38°21.6 1 123°13.0 I 04/12/81 08/03/81 VAWR -3.5 WHO! Complete 
R3 R3B 90 38°21.6 1 123°13.0 I 04/12/81 08/03/81 AT 1 -3.5 WHO! Complete 
R3 R3B 90 38°21.6 1 123°13.0 I 04/12/81 08/03/81 AT 2 -3.5 WHO! Complete 
R3 R3B 90 38°21.6 1 123°13.0 1 04/12/81 08/03/81 T 1 WHO! Complete 
R3 R3B 90 38°21.6 1 123°13.0 I 04/12/81 08/03/81 VACM/T 9 WHO! Complete 
Mooring designations and instrument abbreviations are defined at the end of this table. 
10 
TABLE 2: Moored Instrumentation Deployed in CODE-1 (Continued} 
nstru-
Water Date Date Instru- Sensor ment Data 
Stn Mooring Depth Latitude Longitude Set Recovered ment Depth Source Return 
(m} N w (m} 
R3 R3S 90 38°21.6' 123°13.1' 04/12/81 08/03/81 VACM/T 35 WHO! Complete 
R3 R3S 90 38°21.6' 123"13.1' 04/12/81 08/03/81 VACM/T 55 WHO! Complete 
R3 R3S 90 38°21.6' 123°13.1' 04/12/81 08/03/81 VACM/T 75 WHO! Complete 
M3 M3A 90 38°32.8' 123°22.6' 04/13/81 07/31/81 VACM/T 9 WHO! Complete 
M3 M3A 90 38°32.8' 123°22.6' 04/13/81 07/31/81 VACM/T 10 WHO! Complete 
M3 M3S 90 38°32.9' 123°22.7' 04/13/81 07/31/81 VACM/T 35 WHO! Complete 
M3 M3S 90 38°32.9' 123°22.7' 04/13/81 07/31/81 VACM/T 55 WHO! Complete 
M3 M3S 90 38°32.9' 123°22.7' 04/13/81 07/31/81 VACM/T 74 WHO! Complete 
C1 C1B 40 38°39.5' 123°25.2' 04/11/81 08/01/81 VAWR -3.5 WHO! No Data 
C1 C1B 40 38°39.5' 123°25.2' 04/11/81 08/01/81 I -3.5 WHO! No Data 
C1 C1B 40 38°39.5' 123°25.2' 04/11/81 08/01/81 AT 1 -3.5 WHO! No Data 
C1 C1B 40 38°39.5' 123°25.2' 04/11/81 08/01/81 AT 2 -3.5 WHO! No Data 
C1 C1B 40 38°39.5' 123°25.2' 04/11/81 08/01/81 T 1 WHO! No Data 
C1 C1A 30 38°39.8' 123°25.1' 03/24/81 07/26/81 VMCM/T 4 SIO Complete 
C1 C1A 30 38°39.8' 123°25.1' 03/24/81 07/26/81 VMCM/T 7 SIO Complete 
C1 ClA 30 38°39.8' 123°25.1' 03/24/81 07/26/81 VMCM/T 11 SIO Complete 
C1 C1A 30 38°39.8' 123°25.1' 03/24/81 07/26/81 VMCM/T 14 SIO No Data 
C1 C1S 33 38°39.6' 123°24.8' 03/24/81 07/26/81 VMCM/T 23 SIO Complete 
C1 C1S 33 38°39.6' 123°24.8' 03/24/81 07/26/81 VMCM/T 27 SIO Complete 
C1 C1S 33 38°39.6' 123°24.8' 03/24/81 07/26/81 P/T 33 SIO Complete 
C1 Geoprobe 35 38°40.0' 123°25.5' 06/02/81 06/12/81 4 EM,2T, 34 USGS Complete 
P,TR,N,CA 
Mooring designations and instrument abbreviations are defined at the end of this table. 
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TABLE 2: Moored Instrumentation Deployed in CODE-1 (Continued) 
nstru-
Water Date Date Instru- Sensor ment Data 
Stn Mooring Depth Latitude Longitude Set Recovered ment Depth Source Return 
(m) N w (m) 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 8 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 11 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 15 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 19 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 23 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.8' 03/24/81 07/28/81 T Chain 27 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 31 SIO Complete 
C2 C2S 67 38"39.3 1 123"2s.a· 03/24/81 07/28/81 T Chain 35 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 39 SIO Complete 
C2 C2S 67 38"39.3 1 123"2s.a• 03/24/81 07/28/81 T Chain 43 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 47 SIO Complete 
C2 C2S 67 38"39.3 1 123"2s.a· 03/24/81 07/28/81 T Chain 51 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 55 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a• 03/24/81 07/28/81 T Chain 59 SIO Complete 
C2 C2S 67 38"39.3 1 123"25.a· 03/24/81 07/28/81 T Chain 61 SIO Complete 
C2 C2S 67 38"39.3 1 123"25. a· 03/24/81 07/28/81 P/T 66 SIO Complete 
C2 C2A 63 38"39. 31 123"25.6 1 04/13/81 08/01/81 VMCM 4 WHOI Complete 
C2 C2A 63 38"39.3 1 123"25.6 1 04/13/81 08/01/81 VMCM 11 WHOI No Data 
C2 C2A 63 38"39.3 1 123"25.6 1 04/13/81 08/01/81 VMCM/T 14 SIO Complete 
C2 C2A 63 38"39.3 1 123" 25.6 1 04/13/81 08/01/81 VMCM 37 WHOI Short Record 
C2 C2A 63 38"39.3 1 123"25.6 1 04/13/81 08/01/81 VMCM 47 WHOI Short Record 
C3 C3B 94 30"36. 5• 123"28.1 1 04/11/81 07/31/81 VMWR -3.5 WHOI Complete 
C3 C3B 94 38"36.5 1 123"28.1 1 04/11/81 07/31/81 VAriR -3.5 WHOI Complete 
C3 C3B 94 38"36.5 1 123"28.1 1 04/11/81 07/31/81 AT 1 -3.5 WHOI Complete 
C3 C3B 94 38"36.5 1 123"28.1 1 04/11/81 07/31/81 AT 2 -3.5 WHOI Short Record 
C3 C3B 94 38"36.5 1 123"28.1 1 04/11/81 07/31/81 I -3.5 WHO! Complete 
C3 C3B 94 38"36.5 1 123"28.1 1 04/11/81 07/31/81 T 1 WHO! Complete 
Mooring designations and instrument abbreviations are defined at the end of this table. 
12 
TABLE 2: Moored Instrumentation Deployed in CODE-1 (Continued) 
ns ru-
Water Date Date Instru- Sensor ment Data 
Stn Mooring Depth Latitude Longitude Set Recovered ment Depth Source Return (m) N w (m) 
C3 C3A 90 38°37.2 1 123°28.3 1 04/06/81 07/23/81 VMCM/T 4 SIO Complete 
C3 C3A 90 38°37.2 1 123°28.3 1 04/06/81 07/23/81 VMCM/T 9 SIO Complete 
C3 C3A 90 38°37.2 1 123°28.3 1 04/06/81 07/23/81 VMCM/T 14 SIO Complete 
C3 C3A 90 38°37.2 1 123°28.3 1 04/06/81 07/23/81 VMCM/T 24 SIO Short Current Record/T Complete 
C3 C3A 90 38°37.2 1 123°28.3 1 04/06/81 07/23/81 VMCM/T 29 SIO Complete 
C3 C3S 90 38°36.7 1 123°28.o• 04/06/81 07/25/81 VMCM/T 35 SIO Complete 
C3 C3S 90 38°36.7 1 123°28.o• 04/06/81 07/25/81 VMCM/T 39 SIO Complete 
C3 C3S 90 38°36.7 1 123°28.o• 04/06/81 07/25/81 VMCM/T 45 SIO T Only 
C3 C3S 90 38°36.7 1 123°28.0 I 04/06/81 07/25/81 VMCM/T 55 SIO Short Current Record/T Complete 
C3 C3S 90 38°36.7 1 123°28.o· 04/06/81 07/25/81 VMCM/T 65 SIO T Only 
C3 C3S 90 38°36.7 1 123°28.o· 04/06/81 07/25/81 VMCM/T 75 SIO Short Current Record/T Complete 
C3 C3S 90 38°36.7 1 123°28.o• 04/06/81 07/25/81 VMCM/T 83 SIO Complete 
C3 Geoprobe 94 38°37.0 1 123°28.2 1 03/29/81 06/11/81 4 EM, 2T, 93 USGS Short Current Record/Rest Complete 
P,TR,N,CA 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 27 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 43 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 63 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 83 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 103 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 TIC Chain 123 UNH Complete 
C4 C4Q 133 38°34.3 1 123°32.7 1 04/21/81 07/19/81 P/T 133 UNH Complete 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 4 SIO T Only 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 9 SIO No Data 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 14 SIO No Data 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 19 SIO Complete 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 24 SIO T Only - Short Record 
C4 C4A 133 38.34.5 1 123.32.6 1 04/08/81 07/23/81 VMCM/T 29 SIO Complete 
Mooring designations and instrument abbreviations are defined at the end of this table. 
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TABLE 2: Moored Instrumentation Deployed in CODE-1 (Continued} 
Instru-
Moor- Water Date Date Instru- Sensor ment Data 
Stn ing Depth Latitude Longitude Set Recovered ment Depth Source Return (m} N w (m) 
C4 C4S 133 38°34.3' 123°32.7 1 04/08/81 07/23/81 VMCM/T 35 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7' 04/08/81 07/23/81 VMCM/T 45 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7' 04/08/81 07/23/81 VMCM/T 55 SIO T Only - Short Record 
C4 C4S 133 38°34.3' 123"32.7' 04/08/81 07/23/81 VMCM/T 65 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7 1 04/08/81 07/23/81 VMCM/T 75 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7' 04/08/81 07/23/81 VMCM/T 83 SIO No Data 
C4 C4S 133 38°34.3' 123°32.7 1 04/08/81 07/23/81 VMCM/T 95 SIO Complete 
C4 C4S 133 38°34.3' 123"32. 7' 04/08/81 07/23/81 VMCM/T 105 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7 1 04/08/81 07/23/81 VMCM/T 115 SIO Complete 
C4 C4S 133 38°34.3' 123°32.7' 04/08/81 07/23/81 VMCM/T 123 SIO Complete 
C5 C5B 402 38°31.2' 123°40.5 1 04/12/81 08/02/81 VAWR -3.5 WHO! Complete 
C5 C5B 402 38°31.2' 123°40.5' 04/12/81 08/02/81 AT 1 -3.5 WHO! Complete 
C5 C5B 402 38°31.2 1 123°40.5' 04/12/81 08/02/81 AT 2 -3.5 WHO! Complete 
C5 C5B 402 38 .. 31.2' 123°40.5 1 04/12/81 08/02/81 I -3.5 WHO! Complete 
C5 C5B 402 38°31.2' 123°40.5' 04/12/81 08/02/81 T 1 WHO! Complete 
C5 C5B 402 38"31.2' 123°40.5' 04/12/81 08/02/81 VACM/T 9 WHO! Complete 
C5 C5S 402 38°31.1' 123°40.4' 04/14/81 08/02/81 VACM/T 77 WHOI Complete 
C5 C5S 402 38 .. 31.1' 123°40.4' 04/14/81 08/02/81 VACM/T 152 WHO! Complete 
C5 C5S 402 38°31.1' 123°40.4' 04/14/81 08/02/81 VACM/T 252 WHO! Complete 
C5 C5S 402 38°31.1' 123°40.4' 04/14/81 08/02/81 VACM/T 352 WHO! Complete 
Sea Coastal 38° 41.0 I 123°25.5' 03/11/81 08/03/81 WR -10 SIO Complete 
Ranch 
Bodega Coastal 38°19.0' 123°04.0' 03/11/81 08/03/81 WR -10 SIO Complete 
Bay 
Bodega Coastal 38°19.0 1 123°04.0' 03/11/81 08/03/81 AP -10 SIO Complete 
Bay 
Mooring designations and instrument abbreviations are defined at the end of this table. 
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TABLE 2: Moored Instrumentation Deployed in CODE-1 (Continued) 
Mooring Designations: 
A - Uninstrumented surface buoy supporting subsurface instrumentation. 
B - Surface toroid buoy with meteorological sensors, may have current meters below. 
Q - Temperature/conductivity chain on subsurface mooring. 
S - Instrumented subsurface mooring, current meter or thennistor chain. 
Abbreviations: 
I: 
C: 
N: 
P: 
R: 
T: 
AP: 
CA: 
EM: 
TR: 
WR: 
Std: 
AT 1: 
AT 2: 
VAWR: 
VACM: 
VMCM: 
VMWR: 
Insolation 
Conductivity 
Nephelometer 
Bottom Pressure 
Rotor 
Water Temperature 
Atmospheric Pressure 
Camera 
Electromagnetic Current Meter 
Transmissometer 
Wind Recorder 
Standard 
Air Temperature, Thaller Shield 
Air Temperature, Young Shield 
Vector Averaging Wind Recorder 
Vector Averaging Current Meter 
Vector Measuring Current Meter 
Vector Measuring Wind Recorder 
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A. INTRODUCTION 
The Coastal Ocean Dynamics Experiment 
(CODE) is a multi-institutional field ob-
servation and data analysis program designed 
to identify and evaluate the dominant phYs-
ical processes which govern wind-driven 
motion of coastal water over the continen-
tal shelf. This report presents coastal and 
moored buoy meteorological observations ob-
tained during the pilot field experiment 
(CODE-1) conducted off northern California 
during April through July, 1981. We wi 11 
describe first the design and motivation of 
the meteorological sampling array, then de-
scribe the various instrumentation systems 
used and, finally, present the basic meteor-
ological data sets in primarily graphical 
fonn. The overall CODE-1 field experiment 
and the different measurement programs are 
described in some detail in a separate tech-
nical report by The CODE Group (Allen, et 
a 1. , 1982) • 
B. METEOROLOGICAL ARRAY 
INSTRUMENT AT ION 
B.1 Array Design 
DESIGN AND 
Serial meteorological data was collec-
ted during CODE-1 over the spatial array 
shown in Figure 1. Coastal wind measure-
ments were made at Sea Ranch and the Bodega 
Bay Marine Laboratory using portable self-
recordi ng anemometer systems i nsta 11 ed and 
maintained by SIO personnel; self-recording 
instrumented buoys were deployed by WHOI at 
C1, C3, C5 and R3 to obtain surface meteor-
ological data. The initial objectives of 
this moored array were: (a) to obtain, at 
representative positions within the CODE-! 
area, accurate seasonal measurements of the 
horizontal wind velocity, air and sea sur-
face temperature, and insolation which could 
be used to construct time series estimates 
of the surface wind, wind stress, and heat 
flux, and to examine the cross-shelf and 
along-shelf structure as well as the coher-
ence of these fields; (b) to obtain engin-
eering i nfonnati on on the different wind 
and air temperature sensors deployed on the 
WHO! buoys. The cross-shelf structure 
i nfonnati on was to be provided by the sub-
array fanned by the coastal station at Sea 
Ranch, and the C1, C3, and C5 meteorological 
buoys which spanned the shelf along the 
CODE-! central line out to the upper slope. 
Along-shelf structure information was to be 
obtained from the minimum subarrays fanned 
by C3 and R3 1 ocated along the 90 m isobath 
NDBO 14 
• 
124°00' 
CODE -1 SMALL -SCALE ARRAY 
Figure 1. Stations where wind measurements 
were obtained during CODE-I are shown as 
darkened circles. 
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and the Sea Ranch and Bodega Bay coastal 
stations. Additional i nfonnati on on the 
spatial structure of the wind and wind 
stress fields over the coastal region dur-
ing CODE -1 was to be provided by the NCAR 
aircraft program. 
After the CODE-1 meteorological array 
was designed, the NOAA Data Buoy Office 
deployed two telemeteri ng meteorological 
buoys EB46013 and EB46014 off northern 
California near Bodega Bay and Crescent 
City, respectively (Figure 1). Data from 
both buoys has been obtained from NDBO by 
OSU and is included here as part of our 
basic data set. 
B.2 Instrumentation 
We will give next a brief description 
of the instrumentation used to collect met-
eorological data in CODE-1 (see Table 1 for 
a list of measurement locations, times, and 
variables measured). 
Wind velocity was measured at Sea Ranch 
using a Meteorology Research Inc. (MRI) 3-
cup anemometer and vane set (model 1022) 
mounted 10 m above the ground at the nor-
thern end of a deserted barn located roughly 
100 m inshore of the coasta 1 cliffs. The 
analog signals were separately averaged for 
Table 1: The Coastal and Moored Meteorological Data Obtained in CODE-1. 
Name 
COASTAL 
Bodega Bay 
Marine Lab 
Sea Ranch 
( Black • s Point) 
WHO! BUOY 
C1 
C3 
C5 
R3 
NDBO BUOY 
13 
14 
Location 
c .. Nrwl 
38 .. 19.0 
123 .. 04.0 
38° 41.0 
123"25.5 
38"39.5 
123"25.2 
38"36.5 
123"28.1 
38"31. 2 
123"40.5 
38"21.6 
123"13.0 
38"13.0 
123"18.0 
39"13.0 
123 .. 58.0 
Start/Stop 
(GMT) 
810311/ 
810803 
810311/ 
810811 
810412/ 
810731 
810412/ 
810801 
810413/ 
810803 
8.10401/ 
810731 
810401/ 
810729 
*Approximate height above ground. 
Sensor 
Height 
(m) 
10.0* 
10.0* 
3.5 
3.5 
3.5 
3.5 
10.0 
10.0 
Variables 
Wind Speed, Direction, Atmospheric 
Pressure 
Wind Speed, Direction 
System failed prior to launch. 
Wind Speed, Direction, (2) Air Temperature, 
Water Temperature (1m), Insolation 
Wind Speed, Direction, (2) Air Temperature, 
Water Temperature, (1m), Insolation 
Wind Speed, Direction, (2) Air Temperature, 
Water Temperature (1 m) 
Wind Speed, Direction, Air Temperature, 
Water Temperature (1m), Atmospheric 
Pressure 
Wind Speed, Direction, Air Temperature, 
Water Temperature (1m), Atmospheric 
Pressure 
4 minutes, then recorded on tape. A similar 
sensor set was mounted on a tower approxi-
mately 10 m above the ground at the Bodega 
Bay Marine Laboratory. Atmospheric pres-
sure was also measured at the Bodega Bay Lab 
using a 45 psia Paroscientific, Inc. digi-
quartz pressure sensor. The pressure output 
was averaged for 4 minutes and then recorded 
with the wind speed and direction data. 
These two coastal meteorological stations 
were established and maintained by SIO per-
sonnel, who also carried out the prel imi n-
ary data processing before sending the edi -
ted data to WHOI. 
The WHOI toroid buoys were instrumented 
to measure horizontal wind velocity at 3.5 m 
height with vector-averaging wind recorders 
(VAWRs) equipped with a utility wind vane 
and 3-c up anemometer set deve 1 oped by Pro-
fessor G. C. Gill of the University of Mich-
igan (see Figure 2). This anemometer has a 
threshold of < 0. 7 m/s and a distance con-
stant of about 3.7 m, while the vane has a 
threshold of < 0.7 m/s and a damping ratio 
of 0.37. The Gill utility sensor sets were 
purchased from the R. M. Young Company 
(models 6301 and 6101) and modified to sup-
ply appropriate digital signals to the vee-
Figure 2. The C5 (above left) and C3 (above right) WHOI toroid buoys prior to launch from the 
R/V Wecoma. The frame on each buoy supports a VAWR equipped with a Gill cup and vane sensor 
set and insolation and air temperature sensors. The C3 frame also supported a ~CM equipped 
with wind propellers for comparison and redundancy. The C3 toroid was oriented into the wind 
(to provide clear flow to both velocity sensors) by a large steering vane (not shown in this 
photograph) mounted on the trailing edge of the frame. All toroids were deployed on slack 
moorings with rigid bridles for stability. 
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tor computer in the VAWR. For redundancy 
and also for comparison of shields, two air 
temperature sensors were installed on each 
buoy at 3m. Thennistors were mounted in 
naturally-ventilated radiation shields based 
on designs by Professor Gi 11, one a glass 
dome modified for use at sea ( R. M. Young 
Company, model 43103C), the other, a modi-
fied Thaller shield [model II, Gill (1979)] 
manufactured at WHO!. The C3, C5, and R3 
buoys were also equipped with Epply Company 
(model 8-48) black and white type pyranom-
eters to measure incident solar radiation. 
An EG&G (model 630) vector-measuring cur-
rent meter with wind propellers ( \ftiR) was 
also deployed on the C3 toroid for inter-
compari son with the VAWR/Gi 11 sensor set 
and for back-up in case of fai 1 ure of the 
Gill set. No time series or statistics for 
the VMWR are presented in this report. The 
VAWR and 'lt1WR were held in a rectangular 
frame and the toroid was oriented into the 
wind by a 1 a rge steering vane mounted on 
the trailing side of the frame. Nearly 
sy11111etrical triangular frames were used to 
support the VAWR • s on the other toroi ds. 
Water temperature was measured on all buoys 
with a precision thennistor mounted at 1m 
depth. See Weller and Davis ( 1980) for a 
more complete description of the WHO! VMCM. 
The two NDBO meteorological buoys were 
equipped with the standard NDBO general 
service buoy payload (GSBP) sensors and 
telemetry system. The sensors and system 
specifications are described by Hamilton 
(1900) and given here in Table 2. 
B.3 Field Calibration of VPfiR/Gill 
Systems 
A short i ntercompari son test was con-
ducted with the four WHO! meteorological 
buoys just prior to their deployment at sea. 
The four buoys were placed in a line (C5, 
R3, C1, C3) along the northwest side of the 
finger dock at the Verba Buena Coast Guard 
Base, and data from the period 0000 GMT 
Apri 1 9 to 1400 GKf Apri 1 10 was compared 
to give some checks on sensor and system 
perfonnance. Winds during this period were 
generally light (0.5 to 4 m/sec) and from 
the west. The results are summarized next. 
(1) Wind Speed, S: Linear regression 
of the 7.5 min vector average speeds of one 
VAWR against another VAWR yielded the fol-
1 owing results: 
y =a+bx 
SR3 = 0.018 + 1.008 SC3, 
SCS = 0.012 + 1.028 SR3, 
SCS = 0.016 + 1.044 SC3, 
std. error 
± .135, 
± .078, 
± .113. 
The manufacturer states ± 0. 5% inter-
changeability of the 3-cup anemometer sens-
ors in wind tunnel tests, but gives no accu-
racy specifications under natural flow con-
ditions. Without additional field calibra-
tion, we interpret the above results to 
indicate that (a) the maximum differences 
between anemometers was 1 ess than 5%, and 
(b) the wind speed was unifonn within 5% 
over the spatial array. It seems likely, 
however, that the anemometer accuracy is 
much better than 5% and the observed di f-
ferences were due to real differences in 
the flow caused by the dock geometry and 
siting. A proper anemometer intercomparison 
experiment is planned for CODE-2. 
(2) Wind Direction: The orientations 
of the different buoys were detennined opt-
ically by sighting over the VAWR cases with 
a hand-held protractor. These orientations 
disagreed with the internal compass read-
ings, suggesting that either the optical 
orientations may be in error or the mag-
netic field was not uniform over the finger 
dock. The 1 atter was confirmed by subse-
quent measurement of the magnetic field over 
the test area on the dock with a portable 
ship • s compass, so we have assumed in our 
analysis that the optically-determined in-
strument orientations were correct to within 
1u. The wind directions recorded by the two 
end V~Rs (C3 and C5} agreed to within 3°, 
indicating that the wind field was also 
reasonably uniform in direction over the 
extent of the array. This implies that a 
consistent 14.7° difference in the wind 
directions recorded by the R3 VAWR was due 
to an accumulation of angular offsets in the 
compass, vane follower, and sensor frame 
orientation. To correct for this error, we 
have added a constant 15° clockwise rotation 
to the R3 VAWR direction data. 
(3} Air Temperature, T: Comparison of 
the air temperature data from this dock test 
and CODE-1 and other field experiments indi-
cated that the modified Thaller type shield 
is less sensitive than the glass dome shield 
to diurnal radiation effects; thus only air 
temperature data measured with the modified 
Thaller type shield in CODE-1 is presented 
here. Comparison of this data for the dur-
ation of the dock test yields the following 
differences: 
TC5 - TC3 = 0.064 t 0.087°C, 
TC5 - TR3 = 0.016 t 0.129°C, 
TC3 - TR3 = 0.080 t 0.096°C. 
While these differences are within the 
t 0.1°C interchangeability specification 
given by the thermistor manufacturer, larger 
errors can be caused by diurnal radiation 
effects. Gill (1979} reports that the in-
solation error is < 0.5°C for windspeeds 
above 4 m/s for a modified Thaller shield 
(model II} made from several types of plas-
tic materials. The WHOI shield was made 
from aluminum and painted white, and should 
exhibit similar insolation error character-
; sti cs. 
(4} Insolation, I: Linear regression 
between the two insolation sensors gives in 
ca 1 /cm2 /min 
IC5 = - 0.003 + 1.056 x IC3, 
std. error= t 0.18 
This difference is within the manufacturer's 
calibration of t 3%. 
B.4 System Accuracy and Performance 
The two SIO coastal stations and three 
WHOI meterological buoys (C3, C5, and R3) 
returned high quality data for most of the 
CODE-1 deployment period. The Gill utility 
wind vane and 3-cup anemometer set proved 
to be a rugged and reliable, yet responsive, 
pair of sensors, and these sensors in the 
present configuration wi 11 be used in the 
second small scale experiment, CODE-2. An 
unusual electronic failure in the tape 
recorder caused the C1 VAWR to stop prior 
to launch so that no useful scientific data 
were obtained at Cl. 
A sumary of the sensor and system 
characteri sties for the different meteoro-
logical instrumentation systems is given in 
Table 2. The information on the SIO instru-
mentation was provided by C. Winant. J. Dean 
and D. Payne provided additional information 
on the VAWR specifications. The direction 
accuracy 1 i sted for the VAWRs is taken from 
a field study of VACM direction errors by 
Bryden (1976}. The characteristics of the 
GSBP measurement and telemetry system used 
in the NDBO buoys are taken from Hamilton 
( 1980). 
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Table 2: Meteorological Sensor and System Characteristics 
Sensor Sampling/Recording System 
Parameter Sensor Manufacturer (Model) Range Accuracy Scheme Accuracy 
COASTAL Wind Speed 3-Cup Anemometer Meteorological 0-60 m/s ±0.5 m/s or 1% 4 min average of ± 0.7 m/s or 1% 
Wind Direction Vane Research, Inc. 0-360° ± 50 each variable re- ± 50 (1022) corded every 4 min 
Atmos. Pressure Digiquartz Paroscientific 0-45 psia ± 0.1 mb ± 0.4 mb 
WHOI BUOY Wind Speed 3-Cup Anemometer RM Young (6301 )* 0-54 m/s < 5% Vector-averaged < 5% 
Wind Direction Vane II II (6101)* recorded every 
Magnetic Compass EG&G (VACM) 0-360° :i: 3.1° 7.5 min :i: 3.1° 
Air Temperature Thennistor Yell ow Springs 0-30° ± 0.1°C 1-7/8 min average ± 0.3°C 
Instruments (44034) of each variable 
0-30° :t 0.005°C 
recorded every 
:1: 0.01 oc Water Temperature Thennistor Thennometrics, Inc. 7.5 minutes. 
Insolation Pyranometer Epply Co. ( 8-48) 0-2 cal /cm2 5% < 10% 
per minute 
NDBO BUOY Wind Speed Propeller NDBO 0-80 m/s 8.5 min average ± 1 m/s or 10% 
Wind Direction Vane and Flux- Genera 1 Service 0-360° of each variable :i: 10° 
gate Compass Buoy Payload at 1 Hz. Averaged 
value transmitted 
every hour. 
Air Temperature Thennistor -15° to 50°C One sample per ± 1°C 
Water Temperature Thennistor -15° to 50°C hour transmitted :1: 1°C 
every hour. 
Atmos. Pressure Variable 900-1100 mb 8. 5 min average :1: 1 mb 
Capacitance of 4 sec samples 
transmitted once 
every hour. 
*These parts were modified at WHOI. 
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C. DATA PROCESSING 
Preliminary processing of the SIO 
coastal wind and pressure data was 
performed by C. Winant, S. Lentz, and 
A. Bratkovich at SIO, and a vector-averaged 
one hour edited version sent to WHOI for 
further analysis. The Bodega Bay anemometer 
failed during the period April 23 to May 22, 
1981; this gap was fi 11 ed with data taken 
from the analog output of a nearby anemom-
eter owned and maintained by the Marine 
La bora tory. A comparison between the two 
anemometer records, during a period when 
both were functioning, indicated good agree-
ment so that the overall quality of the 
patched Bodega Bay wind time series is good. 
Meteorological data recorded on stan-
dard magnetic tape (1/8" 4-track cassettes) 
in the WHOI VAWRs were transcribed onto 9-
track computer-compatible tape at WHO I. 
The data were then converted to sci enti fi c 
units, edited to remove launch and retrieval 
transients, 1 i nearly interpol a ted across 
missing or erroneous data cycles, and stored 
on magnetic tape in Maltais format (Maltais, 
1969). A vector-averaged one hour version 
was then made for each VAWR data set for 
further analysis. The VAWRs functioned cor-
rectly with the exception of the C1 VAWR 
failure and a mid-deployment failure of one 
temperature sensor cable on the C3 VAWR. 
The NDBO buoy meteorological data was 
obtained from NDBO by J. Allen and G. Hal-
liwell at OSU and then transmitted to WHOI 
where missing data gaps were edited and a 
one-hour version prepared for further 
analysts. 
The basic data set presented here thus 
consists of edited vector-averaged one hour 
time series for wind and the other measured 
variables. All wind time series have been 
rotated into a standard coordinate system, 
with the X or East axis pointing onshore 
towards 47oT and the Y or North axis point-
ing along-shelf towards 317°T. All wind 
data are presented in this coordinate sys-
tem unless otherwise listed. Greenwich 
Mean Time (GMT) is used throughout this 
report (GMT= PST+ 8 hr). 
We also present here wind stress com-
puted from the observed wind data. The com-
putational scheme uses the neutral steady 
state drag coefficient Cdn and iterat-
ive method given by Large and Pond ( 1981) 
where 
3 
10 cdn = 
{
1.2 
0.49 + o.o65 u10 
(1) 
u10 < 11 m/s, 
11 m/s < u10 < 25 m/s. 
Neutra 1 stabi 1 ity is assumed and the 10 m 
wind u10 is found through iteration from the 
observed wind U0 at the observation height 
h
0 
(in meters} using 
1 + 
h 
1 n ° Til 
(2} 
The neutra 1 stress is then given by -r = 
0 
P X Cdn(U10 } X (U10 }
2 
where the air density 
has been assumed to be constant at 1.22 x 
w-3 gm/cm3 • 
There are three main sources of error 
in this bulk aerodynamic approach, (a} ex-
perimental uncertainty in Cdn' (b) the 
effect of stratification on the observed 
wind profile and the assumption of neutral 
stability, and (c} time changes in the wind 
field and sea state, causing additional 
(temporal} changes in Cdn" Based on 
their own and other field measurements, 
Large and Pond (1981} estimate the experi-
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mental uncertainty in Cdn to be of order 10 
to 20%. Large and Pond (1981) also provide 
a method to compute the influence of strat-
ification on derived wind stress using the 
observed wind, air and sea temperatures, and 
the relative humidity and bulk aerodynamic 
formulaes for the Richardson number and 
stability parameter Z/L (where Z is the ob-
servation height and L the Monin-Obukhov 
length scale). The formulation is strictly 
va 1 i d for va 1 ues of Z/L in the range from 
-1 to 0.2. We plot in Figure 3A and B the 
difference and percent difference between 
the wind stress ., computed for a given wind 
speed u3 at 3.5 m height with stratifi-
cation included, and the neutral wind stress 
• n, computed using Equations (1) and ( 2). 
The different curves show the stress differ-
ence and percent difference as a function of 
u3 and the air-sea temperature difference 
(AT = lair - Tsea). The magnitude of 
the neutral stress is also given as a func-
tion of u3 along the top axis. Relative 
humidity measurements made aboard ship along 
the CODE central line during May and July 
give a mean value of 80 % 4%. Values of 
90% for the relative humidity at 3.5 m and 
Tsea = 10oC were used for the computa-
tions shown in Figure 3, although the re-
sultant curves are relatively insensitive 
to changes in T sea between 5 and 15°C and 
relative humidity between 75 and 95%. The 
observed AT in CODE-1 varied roughly between 
-1 o and 5°, with means at different buoys 
varying from + 0 .8°C at C5 to 1.4 oc at C3 
and NDB0-13. The observed buoy wind speeds 
varied between 0 and 17 m/s, with mean wind 
speeds varying from a low of 7.2 m/s at R3 
to 9.0 m/s at NDB0-13. These mean values of 
AT and wind speedS are plotted for the dif-
ferent buoy records in Figure 38. While it 
is clear that the stratification will cause 
•n to over-estimate the actual wind 
stress, the error will be less than 10% for 
most of the CODE-I data. Finally, Large 
and Pond (1981) suggest that due to the 
finite time required for the sea state to 
equilibrate with the wind field, cdn is 
smaller during rising winds and larger dur-
ing rapidly decreasing winds or large 
changes in the wind direction. 
The emphasis in CODE is on the response 
of the shelf to strong wind events, and the 
neutral stability formulation is a reason-
able approximation at the higher winds in 
excess of - 4 m/sec. The influence of sta-
bility and time variability on wind stress 
will be discussed in more detail in a later 
report. 
D. DATA PRESENTATION 
The coastal and moored meteorologic~l 
data collected in CODE-1 are presented here 
in the form of time series plots of wind and 
other variables, scatter plots of wind, 
plots of mean wind and wind stress, and 
tables of standard statistics for all vari-
ables. The statistics were computed over the 
common time period 0000 GMT April 14, 1981 
to 0000 GMT July 31, 1981; the time series 
and scatter plots are based on the same 
period. The variable-versus-time and the 
vector-versus-time plots were generated 
using the basic one hour time series 
subsampl ed every four hours. 
The basic along- and cross-shelf wind 
components time series measured at sensor 
height are shown in Figures 4 and 5. These 
figures show that the wind is predominantly 
southward and southwestward and polarized 
in the along-shelf direction, i.e., the 
cross-shelf component is weaker than the 
along-shelf component at each site. The 
major along-shelf 1 ow-frequency wind 
fluctuations appear coherent over the 
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Figure 3. Difference (A) and percent difference 
(B) between wind stress • computed with stabil-
ity included and the neutral wind stress •n, 
plotted as a function of observed 3.5 m wind 
speed and air-sea temperature difference aT. 
Curve marked Z/L < 0.2 indicates boundary of 
Large and Pond (1981) formulation. 
array. The seabreeze, most noticeable at 
Sea Ranch in late April and early May, has 
a definite offshore decay since little diur-
nal variability is clear at C5. The observed 
air and 1 m seawater temperatures are shown 
in Figures 6 and 7. Daily insolation (Fig-
ure 8) and atmospheric pressure (Figure 9) 
are also coherent over the array. The basic 
along- and cross-shelf wind components and 
vector wind time series are shown in Fig-
ures 10 to 16, and standard statistics for 
these series are given in Table 3. Scatter 
plots of along- versus cross-shelf compon-
ents for the individual records (except 
NDB0-14) are given in Figure 17. These 
plots clearly illustrate the consistent 
polarization of the wind fluctuations at 
each site. The mean observed wind and 
standard deviations along the principal 
axes are shown in Figure 18. 
Time series plots of the computed neu-
tral wind stress are shown in Figures 19 to 
27. The mean wind stress and standard dev-
iations along the principal axes are shown 
in Figure 28; stati sties for the derived 
stress time series are also given in 
Table 3. 
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TABLE 3: Hourly Averaged Statistics For CODE-1 Meteorological Measurements 
Cross-Shelf Wind (m/s) Along-Shelf Wind (m/s) Vector Direction (deg.) Speed (m/s) 
Mean so Max Min Mean so Max Min Mean (m/s) ( Re 1 to 317 o T) Mean so Max Min 
Sea Ranch -0.9 2.6 7.8 -9.3 -5.1 5.9 7.6 -25.2 5.2 189.5 6.6 4.8 2!1.5 0.0 
Bodega Lab -0.5 1.8 5.0 -6.9 -3.6 3.8 6.1 -16.7 3.7 187.9 4.7 3.0 17.0 0.0 
C3B1 0.4 1.2 4.8 -3.2 -7.7 5.1 6.4 -16.5 7.7 177 .o 8.4 4.1 16.7 0.1 
C5B1 -1.8 1.5 3.8 -5.4 -8.5 4.0 6.2 -14.6 8.7 192.0 9.1 3.2 15.1 0.3 
R3B1 1.5 1.3 5.8 -3.5 -6.5 4.6 5.8 -14.3 6.7 167.0 7.2 3.8 14.7 0.1 
NDB013 2.0 1.6 8.8 -5.1 -8.4 4.6 6.7 -18.0 8.6 166.6 9.0 4.1 18.5 0.1 
NDB014 -1.7 1.6 5.2 -6.4 -6.8 4.3 7.0 -17.2 7.0 194.0 7.6 3.6 17.3 0.1 
Air Temperature (oC) Surface Temperature (OC) Atmospheric Pressure (mb) Insolation (cal/cm2/min) 
Mean so Max Min Mean so Max Min Mean so Max Min Mean so Max Min 
Sea Ranch 
Bodega Lab 1012.8 2.9 1021.9 1005.8 
C3B1 10.64 1.36 14.95 8.15 9.25 0.95 13.33 7.75 0.38 0.45 1.42 0.00 
C5B1 11.54 0.93 14.88 8.18 10.67 0.99 13.98 8.75 0.38 0.46 1.43 0.00 
R3B1 10.73 1.31 14.14 8.11 9.63 1.09 13.53 7.84 
NDB013 10.96 0.97 14.50 7.40 9.54 0.73 12.19 8.05 1015.9 2.6 1024.6 1009.5 
NDB014 11.42 1.06 17.4. 8.10 11.41 1.06 17.40 8.10 1015.6 3.1 1025.3 1006.9 
Cross-Shelf Wind Stress (dynes/cm2) Along-Shelf Wind Stress (dynes/cm2) Vector Direction Amplitude (dynes/cm2) 
Mean so Max Min Mean so Max Min Mean (Rel to 317°) Mean so Max Min 
Sea Ranch -0.07 0.52 4.24 -2.31 -1.08 2.26 1.22 -17.28 1.09 183.9 1.21 2.25 17.46 0.00 
Bodega Lab -0.07 0.18 0.61 -1.14 -0.42 0.63 0.64 -5.67 0.43 189.1 0.48 0.62 5.76 0.00 
C3B1 0.12 0.29 1.55 -0.51 -1.74 1.53 0.79 -7.24 1. 74 176.1 1. 79 1.49 7.29 0.00 
C5B1 -0.39 0.35 0.51 -1.74 -1.78 1.15 0.68 -5.54 1.83 192.4 1.86 1.15 5.70 0.00 
R3B1 -0.37 1.41 0.28 0.27 -1.23 1.11 0.60 -5.04 1.26 167.6 1.30 1.11 5.17 0.00 
NDB013 0.35 0.35 1. 93 -0.49 -1.53 1.25 0.68 -7.05 1.57 167.1 1.60 1.26 7.27 0.00 
NDB014 -0.25 0.25 0.48 -1.28 -1.03 0.94 0.79 -5.98 1.06 193.6 1.10 0.93 6.02 0.00 
Number of points for each record is 2593 (108 days) from April 14 to July 31. 
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Figure 17. Scatter plots of observed wind time series. 
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A. INTRODUCTION 
The CODE experiment is a multi-institu-
tional field observation and data analysis 
program designed to evaluate the effect of 
surface wind stresses upon fluid accel era-
tion in the water column adjacent to a coas-
tal boundary. With this goal in mind, a 
diverse set of measurements was made that 
would allow the determination of important 
terms in the governing equations of motion. 
This report serves as a guideline to the 
current observations made during the CODE-1 
instrument deployment. 
The time frame of interest spans the 
period 1 April 1981 to 23 July 1981. The 
experimental site is centered on the nor-
thern California continental shelf about 
100 km northwest of San Francisco Bay (nom-
inal latitude and longitude is 38°37'N, 
123°28'W). A map of the array site and 
mooring locations is shown in Figure 1. 
The exact mooring locations are given in 
Table 2 of the introductory chapter. 
Time series of horizontal current com-
ponents are plotted over the period of in-
terest. Individual data values correspond 
to hour-long averages (computed using a 
running mean filter) that are centered on 
CODE-I SMALL-SCALE ARRAY 
0 
Figure 1. Stations where current measure-
ments were made during CODE-1 are shown as 
darkened circles. 
the hour. Horizontal velocity components 
are referenced to- a right-hand coordinate 
system which has the positive x axis direc-
ted towards 47° T (30°M) (approximately nor-
mal to local isobaths) and the positive y 
axis directed towards 317° T (parallel to 
1 oca 1 isobath s). 
B. MOORED CURRENT METER OBSERVATIONS 
8.1 Moored Array Design 
The current meter placement for the 
CODE-1 experiment was primarily determined 
by the following considerations. The shelf 
region south of Point Arena was selected due 
to the nearly planar bottom topography (on 
spatial scales of 2-20 km), and the presence 
of energetic upwelling-favorable winds dur-
ing spring and early summer. The vertical 
spacing interval for instruments (0(10 m)) 
was chosen to insure that adjacent instru-
ments were coherent with each other at sub-
inertial frequencies and that relatively 
accurate vertically averaged quantities 
could be inferred at each mooring site. 
The along-shelf and cross-shelf mooring 
separations were chosen (based upon past 
experiments in coastal regions) such that 
adjacent mooring locations would be coherent 
at subinertial frequencies and would also 
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show some of the hori zonta 1 spatia 1 struc-
ture in the data fields of interest. 
8.2 Instrumentation 
Two types of current meters were used 
in the CODE-1 deployment. Vector Measuring 
Current Meters ( VMCM) were used in the SIO 
moorings (C1, C3, C4). A combination of 
WICM's and Vector Averaging Current Meters 
(VACM) were used in the WHOI moorings (C2, 
C5, M3, R3). 
The VMCM is a Cartesian sampling 
instrument consisting of two sets of two 
propellers each, mounted at right angles, 
as shown in Figure 2.a. The propellers, or 
rotors, measure two perpendicular compon-
ents of horizontal velocity. A flux gate 
compass indicates the orientation of the 
current meters and allows the processing 
electronics in the instrument to resolve 
the measurement into N/S and E/W components. 
The velocity components measured by each 
rotor are continuously vector-averaged, and 
these average values are recorded at a pre-
programmed interval (4 minutes) on a cas-
sette within the instrument package. 
The VMCM was designed at Scripps Insti-
tution to measure small horizontal mean 
flows in the presence of large vertical and 
horizontal current fluctuations. It has an 
accurate cosine response under a variety of 
unsteady flow conditions. The VMCM \'li ll not 
rectify an unsteady flow when there is no 
mean flow. However, it will under-respond 
in some cases when the fluctuations are 
precisely parallel to or perpendicular to 
the mean flow, particularly if a rotor axis 
is aligned with the fluctuations. These 
conditions are not commonly encountered in 
the ocean over any significant time period. 
The threshold response for the VMCM is less 
than 1 em/sec; the response is 1 i near for 
flows exceeding 5 em/sec. 
A thermistor in the instrument package 
allows temperature readings accurate to 
within * 0.1 °C. The response time of the 
thermistor is approximately five minutes due 
to the thermal mass of the pressure casing. 
Calibration of the VMCM velocity sens-
ing electronics and related _rotor assembly 
is done from a tow cart in a quiescent flow 
channel. The current meter and 1 oad cage 
are rigidly attached to the tow cart and 
then towed at a steady speed through the 
water over a fixed distance (usually taken 
to be 10 meters). Rotor revolutions are 
counted while the fixed distance interval 
is traversed for vaF-i ous angles of attack 
and speed ranges to examine the rotor's 
cosine response and speed sensitivity. 
Threshold velocity tests are also conducted 
by slowly accelerating the tow cart from 0 
to 5 cm/s. 
Temperature ca 1 i brati ons are performed 
by replacing the instrument thermistor with 
a precision decade resistor. A digital code 
is recorded for a number of resistances in 
the expected range of variability (each 
thermistor is calibrated versus temperature 
at the factory and recalibrated periodically 
in the laboratory). A least squares fit is 
then calculated for temperature as a func-
tion of instrument count. Finally, a one-
point through-instrument calibration point 
is taken for each instrument before and 
after each deployment. The final check is 
made to monitor the overall drift of the 
temperature sensing electronics and to im-
prove the accuracy of the final temperature 
estimates (most of the error in the temper-
ature estimation is due to a constant off-
set from a standard response curve). 
For a more detailed description of the 
VMCM and its response under 1 a bora tory and 
field test conditions, see Weller, 1978. 
The VACM is a polar sampling instrument 
consisting of one speed sensor (Savonius 
rotor) and one directional sensor (neutrally 
buoyant vane) as shown in Figure 2. b. Speed 
and direction measurements are continuously 
sampled and processed to produce summed Car-
tesian coordinate velocity vectors. An eddy-
current damped magnetic compass and vane fol-
lower are used to resolve measurements in N/S 
and E/W components. Summed velocity component 
estimates, time and a low-passed temperature 
value are written to cassette at a predeter-
mined sample interval. 
The VACI~ was designed at Woods Hole 
Oceanographic Institution to minimize di rec-
tional averaging errors associated with mis-
matched vane and rotor response. The thresh-
old response for the VACI~ is 2.0 cm/s and 
the instrument 1 s operating range extends to 
300 cm/s. A thermistor attached to the inside 
of the pressure package face plate allows 
temperature to be measured to an accuracy of 
± • 01 oc. Ocean comparison tests (Halpern et 
al., 1981) of the VACM and vr~CM show that 
these two types of instruments perform com-
parably in an upper ocean environment. 
Calibration procedures for the VA01 are 
functionally similar to those for the VHU1. 
VECTOR MEASURING CURRENT METER ( VMCM) 
I 
UP 
Figure 2a 
VECTOR AVERAGING CURRENT METER (VACM) 
Figure 2b 
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The rotor and vane assembly on the VACM 
require that speed and direction sensors be 
calibrated separately. 
8.3 Data Presentation 
The moored current meter data presented 
here are grouped according to mooring loca-
tion. The elementary statistics associated 
with the complete time series of hourly 
average current component data are first 
presented in tabular form in Table 1, and 
then the individual time series are dis-
played as plots. Hour-long averages are 
formed using a running mean filter which is 
centered on the hour. The following statis-
tics are presented for each time series: 
Mean, 
Std De vi ati on, 
1 N 
X = lf . r
1 
X j 
J= 
Minimum and maximum values for each time 
series are also presented. Cross-shelf cur-
rent (U) is positive when directed toward 
47°T (onshore). Along-shelf current (V) is 
positive when directed toward 317°T. Note 
til at approximate instrument depth is also 
given in the following tables. All times 
have been converted to GMT. 
Table 2 shows similar statistics for the 
85-day time interval starting 0800 15 April 
1981 (GMT). All current time series that do 
not span this period have been omitted from 
this table. 
TABLE 1: Horizontal Current Components (cm/s} 
Complete Time Series for All Instruments 
Cross-Shelf A 1 ong-She 1f 
Water Start Stop Instrument Sensor 
Station Depth Time Time Duration I.D. Depth Mean so Max Min Mean so Max Min (m} ( Mon/Day /Hr} ( Mon/Day /Hr} (Days} (m} 
C1 30 03/25/0800 07/23/1800 120 62 ( SIO} 4 -2.67 3.83 16.60 -14.80 -3.18 7.22 25.60 -37.30 
03/25/0800 07/23/1800 120 65 ( SIO} 7 0.03 2.46 9.60 -9.20 -0.45 6.53 24.60 -34.40 03/25/0800 07/23/1800 120 59 ( SIO} 11 1.56 2.33 13.40 -11.00 0.81 6.19 18.40 -26.20 04/01/0800 07/23/1800 113 58 ( SIO) 23 1.08 3.24 10.40 -14.80 0.18 5.97 17.60 -24.20 
04/01/0800 07/23/1800 113 56 ( SIO} 27 0.49 2.82 9.30 -13.80 0.54 5.04 15.40 -21.70 
C2 63 04/14/1300 08/01/1400 109 Al (WHO!) 4 -3.21 7.07 21.80 -20.40 -0.36 12.44 30.80 -54.30 
04/13/1600 07/13/1800 91 05 ( SIO} 14 1.27 3.91 16.00 -15.40 3.33 14.21 40.QO -49.50 
04/14/1300 a5/15/1400 31 A4 (WHO!} 37 1.67 2.08 7.80 -6.40 0.52 10.61 28.50 -25.80 
04/14/1300 05/05/1400 21 A5 (WHO!} 47 1.51 3.40 9.80 -8.20 3.31 7.22 22.50 -21.30 
C3 90 04/07/0800 07/05/0300 89 64 ( SIO} 4 -11.12 8.08 18.80 -49.00 -19.60 23.83 33.60 -84.40 
04/08/2000 07/14/0500 96 04 ( SIO} 9 -9.84 8.82 13.90 -45.00 -14.83 24.47 37.20 -78.50 
04/07/0800 07/23/1800 107 50 ( SIO} 14 -6.51 9.35 20.10 -45.70 -9.23 21.77 38.80 -66.40 
04/07/0800 04/21/0600 14 53 ( SIO} 24 -1.87 7.02 13.20 -29.90 -13.59 22.84 28.50 -54.30 
04/00/2000 07/14/0600 96 02 ( SIO) 29 -1.32 6.08 13.30 -21.70 -6.63 20.74 39.60 -62.40 
04/08/2000 07/14/0400 96 03 ( SIO} 35 -2.07 6.88 13.40 -28.10 -5.54 19.98 37.30 -60.10 
04/09/0800 07/13/0600 95 61 ( SIO} 39 -2.73 9.53 16.70 -37.20 -3.58 18.35 37.70 -52.30 
04/09/0800 04/16/0600 7 69 ( SIO} 55 -4.40 3.78 8.10 -13.70 -17.22 10.08 -1.70 -37.10 
04/09/0800 06/11/1300 63 66 ( SIO} 75 -2.68 7.06 14.70 -32.10 1.84 13.93 31.40 -38.30 
04/08/2000 07/13/2100 96 15 ( SIO} 83 -0.45 4.16 13.70 -16.30 -0.37 13.78 27.00 -37.40 
C4 130 04/09/0800 07/13/0000 95 12 ( SIO} 19 -6.50 12.09 26.70 -39.50 -23.15 21.14 30.60 -72.80 
04/09/0800 07/14/0700 96 16 ( SIO} 29 -5.90 12.38 35.20 -40.00 -20.25 20.46 " 30.30 -69.80 
04/09/0800 07/23/1800 105 57 ( SIO} 35 -3.20 9.86 32.30 -37.50 -11.91 16.44 29.40 -60.50 
04/09/0800 07/14/1100 96 13 ( SIO} 45 -3.84 9.39 26.10 -38.40 -13.92 15.86 31.60 -57.80 
04/09/0800 07/13/1700 95 14 ( SIO} 65 -1.20 7.24 23.00 -32.90 -8.88 14.21 28.60 -50.30 
04/09/0800 07/23/1800 105 51 ( SIO} 75 -0.97 7.20 20.10 -33.10 -5.95 13.20 28.30 -47.10 
04/09/0800 07/23/1800 105 52 ( SIO) 95 -0.94 6.97 20.70 -32.50 -3.23 12.49 27.10 -45.50 
04/09/0800 06/21/0800 73 10 ( SIO} 105 -1.69 6.75 24.20 -26.80 -3.84 12.33 25.80 -42.30 
04/09/0800 06/27/1700 79 67 ( SIO) 115 -1.40 7.11 29.00 -26.80 -2.96 11.62 25.90 -37.20 
04/09/0800 07/14/1000 96 01 ( SIO} 123 -1.02 6.18 25.20 -23.80 -0.95 10.51 23.90 -34.40 
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TABLE 1: Horizontal Current Components (cm/s) (Continued) 
Cross-Shelf Along-Shelf 
Water Start Stop Instrument Sensor 
Station Depth Time Time Duration I .D. Depth Mean SD Max Min Mean so Max Min 
(m) ( Mon/Day /Hr) (Mon/Day /Hr) (Days) (m) 
C5 402 04/12/1300 08/01/1200 111 82 (WHOI) 9 -11.83 21.32 67.80 -81.00 -19.29 19.25 33.60 -72.50 
04/14/1300 08/02/1200 110 S1 (WHO I) 77 1.26 10.67 35.30 -33.90 -8.30 16.40 38.30 -50.40 
04/14/1300 08/02/1200 110 52 (WHOI) 152 2.20 7.86 24.60 -27.30 2.02 14.15 40.60 -36.20 
04/14/1300 08/02/1200 110 53 (WHO I) 252 3.27 6.92 18.90 -23.60 8.98 13.74 37.40 -31.90 
04/14/1300 08/02/1200 110 54 (WHO I) 352 1.91 4.45 15.50 -18.20 5.93 9.20 25.90 -31.10 
M3 90 04/14/1300 07/30/1200 107 A1 (WHOI) 9 -3.11 9.69 28.30 -39.20 0.96 22.18 46.10 -73.50 
04/15/1300 07/31/1200 107 A2 (WHOI) 10 -2.07 7.30 22.00 -33.10 0.39 19.26 41.40 -69.80 
04/14/1300 07/31/1200 108 51 (WHOI) 35 0.86 6.66 21.10 -29.80 3.03 19.83 44.60 -65.20 
04/14/1300 07/31/1200 108 52 (WHOI) 55' 3.01 6.30 18.10 -27.50 4.98 17.63 41.40 -54.40 
04/14/1300 07/31/1200 108 53 (WHOI) 74 1.24 4.67 14.90 -15.50 6.16 16.45 44.50 -54.80 
R3 90 04/13/1300 08/03/1200 112 82 (WHOI) 9 -4.20 10.15 28.50 -37.50 -1.96 14.17 35.30 -59.40 
04/13/1300 08/03/1200 112 51 (WHOI) 35 0.98 7.49 19.10 -27.10 0.23 13.00 27.20 -51.10 
04/13/1300 08/03/1200 112 52 (WHOI) 55 2.67 4.82 16.20 -13.40 2.17 12.33 27.30 -49.10 
04/13/1300 08/03/1200 112 53 (WHOI) 75 2.51 4.32 17.00 -14.60 3.03 11.12 28.60 -37.50 
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Table 2: Horizontal Current Components (cm/s) 
Common Time Reriod 
Cross-Shelf Along-Shelf 
Water Start Stop Instrument Sensor 
Station Depth Time Time Duration I.D. Depth Mean so Max Min Mean so Max Min 
(m) ( Mo n/Day /Hr) ( Mon/Day /Hr) (Days) (m) 
C1 30 04/15/0800 07/08/0800 85 62 (SIO) 4 -2.51 3.88 16.60 -12.70 -2.62 7.11 25.60 -34.50 
04/15/0800 07/08/0800 85 65 ( SIO) 7 0.12 2.40 9.60 -8.30 0.15 6.21 24.60 -28.70 
04/15/0800 07/08/0800 85 59 (SIO) 11 1.55 2.16 10.50 -5.00 1.19 5.81 18.40 -24.10 
04/15/0800 07/08/0800 85 58 ( SIO) 23 1.23 3.15 10.40 -11.40 0.51 5.72 17.60 -24.20 
04/15/0800 07/08/0800 85 56 (SIO) 14 0.68 2.70 9.30 -10.30 0.82 4.84 15.40 -21.70 
C2 63 04/15/0800 07/08/0800 85 A1 (WHO!) 4 -4.44 6.84 21.80 -20.40 -1.56 12.63 30.80 -54.30 
04/15/0800 07/08/0800 85 05 (SIO) 14 1.36 3.83 16.00 -10.30 3.64 13.94 40.90 -49.50 
C3 90 04/15/0800 07/08/0800 85 04 ( SIO) 9 -10.00 8.99 13.90 -45.00 -13.27 24.76 37.20 -78.50 
04/15/0800 07/08/0800 85 50 {SIO) 14 -6.98 9.82 20.10 -45.70 -9.13 22.14 38.80 -65.10 
04/15/0800 07/08/0800 85 02 (SIO) 29 -1.25 6.29 13.30 -21.70 -5.31 21.05 39.60 -62.40 
04/15/0800 07/08/0800 85 03 (SIO) 35 -1.95 7.06 13.40 -28.10 -4.22 20.26 37.30 -60.10 
04/15/0800 07/08/0800 85 61 (SIO) 39 -2.79 9.89 16.70 -37.20 -2.32 18.33 37.70 -52.30 
04/15/0800 07/08/0800 85 15 (SIO) 83 -0.60 4.23 13.70 -16.30 0.40 14.06 27.00 -37.40 
C4 130 04/15/0800 07/08/0800 85 12 (SIO) 19 -7.09 11.92 26.70 -39.50 -22.98 21.93 30.60 -72.80 
04/15/0800 07/08/0800 85 16 {SIO) 29 -6.56 12.35 35.20 -40.00 -20.09 21.05 30.30 -69.80 
04/15/0800 07/08/0800 85 57 ( SIO) 35 -4.56 9.56 32.30 -37.50 -12.37 17.42 29.40 -60.50 
04/15/0800 07/08/0800 85 13 {SIO) 45 -4.55 9.23 26.10 -38.40 -13.96 , 16.43 31.60 -57.80 
04/15/0800 07/08/0800 85 14 {SIO) 65 -1.63 7.36 23.00 -32.90 -9.09 14.89 28.60 -50.30 
04/15/0800 07/08/0800 85 51 {SIO) 75 -1.95 7.32 20.10 -33.10 -7.00 14.09 28.30 -47.10 
04/15/0800 07/08/0800 85 52 { SIO) 95 -1.81 7.08 20.70 -32.50 -4.22 13.29 27.10 -45.50 
04/15/0800 07/08/0800 85 01 {SIO) 123 -1.20 6.29 25.20 -23.80 -1.40 10.93 23.90 -34.40 
C5 402 04/15/0800 07/08/0800 85 82 {WHO!) 9 -11.26 21.10 67.80 -81.00 -21.59 17.77 33.60 -72.50 
04/15/0800 07/08/0800 85 Sl (WHO!) 77 2.16 10.81 35.30 -29.00 -11.84 15.12 32.40 -50.40 
04/15/0800 07/08/0800 85 S2 {WHO!) 152 1.84 8.19 24.60 -27.30 -1.05 13.88 40.60 -36.20 
04/15/0800 07/08/0800 85 S3 {WHO!) 252 2.79 7.30 17.20 -23.60 6.84 14.08 34.70 -31.90 
04/15/0800 07/08/0800 85 S4 (WHO!) 352 1.80 4.61 15.50 -18.20 5.49 9.71 25.90 -31.10 
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Table 2: Horizontal Current Components (cm/s) (Continued) 
Cross-Shelf Al on9-Shel f 
Water Start Stop Instrument Sensor 
Station Depth Time Time Duration I.D. Depth Mean SD Max Min Mean SD Max Min 
(m) ( Mon/Day/ Hr) (Mon/Day/Hr) (Days) (m) 
M3 90 04/15/0800 07/08/0800 85 A1 (WHOI) 9 -3.86 9.61 28.30 -39.20 -0.82 23.23 46.10 -73.50 
04/15/0800 07/08/0800 85 S1 (WHOI) 35 0.42 6.79 16.70 -29.50 1.22 20.96 44.60 -65.20 
04/15/0800 07/08/0800 85 S2 (WHOI) 55 2.64 6.60 18.10 -27.50 3.21 18.59 41.40 -54.40 
04/15/0800 07/08/0800 85 S3 (WHOI) 74 1.23 4.77 14.90 -15.50 4.59 17.72 44.50 -54.80 
R3 90 04/15/0800 07/08/0800 85 82 (WHOI) 9 -5.00 10.30 28.50 -37.50 -3.69 14.98 35.30 -59.40 
04/15/0800 07/08/0800 85 S1 (WHOI) 35 0.51 7.88 19.10 -27.10 -1.34 13.85 27.20 -51.10 
04/15/0800 07/08/0800 85 S2 (WHOI) 55 2.97 4.80 16.20 -13.40 0.63 12.89 27.30 -49.10 
04/15/0800 07/08/0800 85 S3 (WHO I) 75 2.95 4.34 17.00 -14.60 1.90 11.75 28.60 -37.50 
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A. INTRODUCTION 
This report describes the moored tem-
perature and conductivity observations ob-
tained during the first major field phase 
of the Coastal Ocean Dynamics Experiment 
(CODE-1}, which took place along the nor-
thern California coast (shown in Figures 1 
and 2) during the months of Apri 1 through 
July, 1981. Descriptions of the moored 
current, pressure and meteorological (pri-
marily wind) observations appear in other 
chapters of this report. In Section B we 
describe the array and the instrumentation 
used in the experiment. The temperature 
results are presented in Section ·c, which 
is followed by a description of the results 
from the single moored vertica 1 temperature/ 
conductivity array in Section D. 
B. MOORED TEMPERATURE AND CONDUCTIVITY 
ARRAY 
The CODE-1 moored temperature array 
consisted of temperatures measured on each 
current meter deployed by C. Winant and 
R. Davis (SIO) and R. Beardsley (WHOI) and 
bottom pressure/temperature chain instru-
ments deployed by C. Winant ( SIO) and 
W. Brown/J. Irish (UNH) at the stations in-
dicated in Table 2 and shown in Figures 1 
CODE-I LARGE-SCALE ARRAY 
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Figure 1. The elements of the large-scale 
temperature array are shown as darkened 
circles. N4, C4, and 54 are also part of 
the small-scale array shown in Figure 2. 
CODE -I SMALL- SCALE ARRAY 
0 
124°00' 
Figure 2. Stations where temperature meas-
urements were made during CODE-1 are shown 
as darkened circles. 
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and 2. In addition, a vertical array of 
temperature/conductivity sensor pairs was 
deployed above the UNH . bottom pressure 
instrument at C4. 
The majority of temperatures were meas-
ured by thennistors mounted inside the cur-
rent meters. Routine calibration of these 
sensors yields temperature accuracies and 
precisions summarized in Table 1. 
At C2 and S2, 15-sensor thermistor 
chains were deployed in 65 m of water by 
Winant (SIO). Each sensor in the thermistor 
array was multiplexed to the sensing elec-
tronics by a 1 ength of 18 gauge copper wire. 
The sensing electronics consist of a bal-
anced bridge which includes a thermistor as 
one of its legs. An analog to digital con-
verter changes the bridge voltage to a bi-
nary code, stores the result in a 1024 data 
word solid state memory, and periodically 
transfers the data to a cassette recording 
device. Each thermistor in the 15-element 
ch<Ji n is sampled instantaneously every four 
minutes along with a precision reference 
resistor within the instrument package it-
self. A thermal mass associated with each 
thermistor produces a sensor time response 
constant of about five minutes. During 
calibration, the sensor cable is submerged 
to help account for temperature related 
changes in cable impedance. The typical 
calibration results are shown in Table 1. 
The SIO Vt«:M temperature sensors are 
calibrated in three stages. First, the 
matched precision thermistor sensing ele-
ments are calibrated in a controlled tem-
perature bath to yield a quadratic polynom-
i a 1 expression for temperature as a func-
tion of resistance. Secondly, the sensing 
electronics (a voltage-controlled oscilla-
tor or balanced bridge) are calibrated over 
the expected range of resi sti vi ty change 
using a precision decade resistor to yield 
a quadratic polynomial expression for resis-
tance as a function of sensor electronics 
output (a digital data word). This permits 
the estimation of sensed temperatures as a 
function of the associated digital data 
value. Finally, the entire current meter 
is submerged in a controlled temperature 
bath as a final through-instrument check. 
This procedure is less time-consuming than 
the through-instrument calibration of each 
Vt«:M, but leads to an acceptable measurement 
accuracy (see Table 1). 
TABLE 1: 
Uncertainty specifications for the di f-
ferent temperatures measured in CODE-1 
kcurac~ Precision 
SIO VMCM (Winant) :t 0.1 :t 0.004 
SIO Vt«:M ( Davis) :t 0.1 .r 0.03 
WHOI VMCM :t 0.2 :t 0.002 
WHOI VACM :t 0.005 .r 0. 00015 
SIO T-CHAIN :t 0. 05 :t 0.004 
UNH T-CHAIN .r 0.01 .r 0.0001 
The WHOI VACM and VMCM temperature 
sensors are calibrated in much the same way 
as the comparable SIO instrumentation with 
a couple of exceptions. The temperature vs. 
resistivity fit for the thermistor calibra-
tion is to a thinj order logarithmic expres-
sion and the through-instrument calibration 
point is not performed for the WHOI instru-
ments. The accuracy {see Table 1) of the 
WHOI temperature sensing instrumentation is 
improved by keeping extensive time hi stor-
ies of thermi star characteri sties and by 
increasing the precision of the measurement 
through an extended averaging interval of 
the sensor electronics output. 
At C4, a temperature/conductivity chain 
was deployed in 130m of water by W. Brown 
and J. Irish {UNH) for purposes of obtaining 
measurements from which we could make esti-
mates of the spatial and temporal vari abil-
ity in the internal pressure. The tempera-
ture and conductivity sensors, which were 
manufactured by Sea Bird Electronics, were 
deployed in pairs at six elevations. These 
sensors use a Wein-bridge oscillator to 
change the variable resistance of a ther-
mistor or a three-electrode conductivity 
cell into an FM signal. Temperature sensors 
of this type have been in use for over ten 
years and typically exhibit long-term drift 
rates of 5 millidegrees C per year. Recal-
ibrated sensors compare within 2 millide-
grees C over several-month peri ads and can 
easily resolve a fraction of a millidegree 
fluctuation. 
The conductivity measurement is more 
difficult. Our previous experience with 
this type of sensor on the New England con-
tinental shelf and the deep mid-Pacific 
indicated long-term drift rates on the order 
of 0.001 s/m {0.01 1111lhos/cm) over a four-
month period. During CODE-1, the in-situ 
intercomparisons with the CTD showed typical 
drifts of about 0.01 s/m {0.1 mmhos/cm) for 
the three-month deployment. There was a 
tendency for 1 ower sensors to drift more, 
with the deepest sensors {123 m) drifting 
three times the typical rate. The 1 arger 
drifts observed during CODE-1 were probably 
caused by a fouling of the electrodes by 
biological growth, fine sediments, etc. A 
comparison of pre- and post-cruise cal i bra-
tions indicates less drift than that found 
in the comparison with CTD observations. 
We suspect this discrepancy resulted be-
cause some of the contamination washed off 
during shipment from the West Coast. Fur-
ther discussion of" these points appears in 
Section D. 
The sampling rate of the SIO current 
meter thermi stars and thenni star chain was 
four minutes while the routine sampling 
rate of the WHOI and UNH sensors was 3. 7 5 
minutes and 15 minutes, respectively. The 
UNH instrument, which has a microprocessor-
controlled data logger, had the added ad-
vantage of sampling all sensors at 15-second 
intervals during periods of 11 interesting11 
events. This sampling feature will be dis-
cussed in more detail in Section D. 
C. TEMPERATURE OBSERVATIONS 
Hourly values of the temperatures on 
the central line moorings C1, C2, C3, C4, 
C4-T/C and C5 are shown in Figures 3 through 
8. All time series are plotted relative to 
the series mean value denoted by the tick 
mark on the vertical axis. With the excep-
tion of C5, each maori ng has resolved the 
local vertical temperature field reasonably 
well, and the cross-shelf array between C1 
and C4 exhibits a variety of structures 
which may or may not be carrel ated from 
mooring to mooring. Upper level tempera-
tures on mooring C5 show some of the major 
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TABLE 2: Temperature (°C) 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I.D. Depth Mean Deviation Maximum Minimum (m) ( Mon/Dat/Hr) (Mon/Dat/Hr) (Oats) (m) 
C1 30 03/25/0800 07/23/1800 120 62 4 8.73 0.947 12.59 7.21 
03/25/0800 07/23/1800 120 65 7 8.57 0.915 12.55 7.05 
03/25/0800 07/23/1800 120 59 11 8.49 0.849 12.52 7.03 
04/01/0800 07/23/1800 113 58 23 8.36 0.686 11.82 6.99 
04/01/0800 07/23/1800 113 56 27 8.39 0.668 11.44 6.93 
04/01/0900 07/24/0600 114 Bottom 33 8.39 0.674 11.26 6.96 
C3 90 04/12/1300 07/31/1200 110 B1 1 9.25 0.966 13.03 7.74 
04/07/0800 07/05/0300 89 64 4 8.66 0.566 11.84 7.56 
04/08/2000 07/14/0500 96 04 9 8.65 0.544 11.68 7.48 
04/07/0800 07/23/1800 108 50 14 8.60 0.437 10.90 7.57 
04/07/0800 07/23/1800 108 53 24 8.46 0.345 9.94 7.57 
04/08/2000 07/14/0600 96 02 29 8.37 0.318 9.68 7.46 
04/08/2000 07/14/0400 96 03 35 8.30 0.288 9.51 7.48 
04/09/0800 07/13/0600 95 61 39 8.24 0.257 9.27 7.54 
04/08/2000 07/13/1400 96 11 45 8.20 0.271 9.13 7.43 
04/09/0800 07/23/1800 106 69 55 8.13 0.277 8.96 7.32 
04/08/2000 07/01/0200 83 06 65 7.96 0.253 8.54 6.92 
04/09/0800 07/23/1800 106 66 75 8.00 0.325 8.23 6.95 
04/08/2000 07/13/2100 96 15 83 7.92 0.336 8.79 6.90 
R3 90 04/13/1300 08/03/1200 112 B1 1 9.68 1.128 13.52 7.84 
04/13/1300 08/03/1200 112 B2 9 9.30 0.769 12.28 7.85 
04/13/1300 08/03/1200 112 S1 35 8.77 0.386 9.91 7.82 
04/13/1300 08/03/1200 112 S2 55 8.44 0.353 9.34 7.67 
04/13/1300 08/03/1200 112 S3 75 8.29 0.375 9.32 7.55 
M3 90 04/14/1300 07/31/1200 108 A1 9 9.08 0.709 11.68 7.65 
04/14/1300 07/31/1200 108 S1 35 8.62 0.428 10.52 7.49 
04/14/1300 07/31/1200 108 S2 55 8.32 0.366 9.33 7.24 
04/14/1300 07/31/1200 108 S3 74 8.18 0.384 9.36 7.02 
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TABLE 2: Temperature {QC} - {Continued} 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I. D. Depth Mean Deviation Maximum Minimum (m) ( Mon/Day /Hr) (Mon/Da~/Hr) (Days) (m) 
C4 133 04/09/0800 07/23/1000 105 68 4 9.25 0.680 12.17 8.12 
04/09/0800 07/14/0000 95 12 19 9.08 0.473 11.28 8.16 
04/09/0800 05/19/0600 39 54 24 8.81 0.383 10.21 8.10 
04/09/0800 07/14/0700 96 16 29 8.95 0.397 10.99 7.98 
04/09/0800 07/23/1800 106 57 35 8.87 0.368 10.77 7.88 
04/09/0800 07/14/1100 96 13 45 8.70 0.346 10.55 7.72 
04/09/0800 04/15/0600 6 55 55 8.39 0.389 9.00 7.85 
04/09/0800 07/13/1700 95 14 65 8.38 0.318 9.60 7.53 
04/09/0800 07/23/1800 106 51 75 8.20 0.282 9.09 7.41 
04/09/0800 07/23/1800 106 52 95 7.97 0.255 8.65 7.27 
04/09/0800 06/21/0800 73 10 105 7.87 0.264 8.51 7.08 
04/09/0800 06/28/0600 80 67 115 7.86 0.265 8.47 6.98 
04/09/0800 07/14/1000 96 01 123 7.86 0.311 8.50 6.89 
04/21/2200 07/19/1800 89 GERDA 133 7.81 0.273 8.27 7.16 
C5 400 04/18/0900 08/02/1200 106 81 1 10.66 0.989 13.90 8.74 
04/12/1300 08/01/1200 111 82 9 10.50 0.848 13.02 8.75 
04/14/1300 08/02/1200 110 S1 77 9.04 0.337 9.99 8.05 
04/14/1300 08/02/1200 110 S2 152 8.20 0.267 9.03 7.50 
04/14/1300 08/02/1200 110 S3 252 7.52 0.303 8.23 6.69 
04/14/1300 08/02/1200 110 S4 352 6.95 0.273 7.77 6.16 
A4 127 04/07/1600 07/28/1600 112 PICKET 127 5.70 0.257 6.55 4.78 
84 125 04/08/2000 07/16/1600 98 KELVIN 125 8.51 0.314 9.40 7.71 
S4 130 04/23/2000 07/16/2000 84 KIWI 130 8.05 0.188 8.39 7.53 
N4 131 04/18/2200 06/03/2300 46 MICHAEL 131 7.67 0.319 8.44 6.89 
N2 57 04/18/2000 07/18/1900 90 MANNING 57 7.99 0.404 9.97 7.16 
Nl 41 04/18/2000 07/18/1800 90 SHELDRAKE 41 8.53 0.331 10.46 7.79 
E4 131 04/19/2200 07/18/0000 89 VOGEL 131 7.14 0.359 7.94 5.98 
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TABLE 2: Temperature (oC) - (Continued) 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I. D. Depth Mean Deviation Maximum Minimum (m) (Mon/Dai:/Hr) (Mon/Dai:/Hr) (Days) (m) 
C2/TC 67 03/24/2000 07/26/1200 124 STC* 8 9.00 0.950 12.73 7.52 
03/24/2000 07/26/1200 124 STC 11 8.90 0.913 12.68 7.46 
03/24/2000 07/26/1200 124 STC 15 8.78 0.861 12.53 7.36 
03/24/2000 07/26/1200 124 STC 19 8.69 0.838 12.66 7.29 
03/24/2000 07/26/1200 124 STC 23 8.58 0.793 12.47 7.18 
03/24/2000 07/26/1200 124 STC 27 8.50 0.763 12.35 7.08 
03/24/2000 07/26/1200 124 STC 31 8.44 0.749 12.32 7.04 
03/24/2000 07/26/1200 124 STC 35 8.40 0. 717 11.90 6.94 
03/24/2000 07/26/1200 124 STC 39 8.36 0.698 11.82 6.91 
03/24/2000 07/26/1200 124 STC 43 8.32 0.683 11.77 6.88 
03/24/2000 07/26/1200 124 STC 47 8.30 0.671 11.71 6.88 
03/24/2000 07/26/1200 124 STC 51 8.26 0.656 11.59 6.88 
03/24/2000 07/26/1200 124 STC 55 8.25 0.643 11.34 6.89 
03/24/2000 07/26/1200 124 STC 59 8.25 0.629 11.11 6.89 
03/24/2000 07/26/1200 124 STC 61 8.24 0.622 10.98 6.89 
04/01/0800 07/24/0100 114 Bottom 66 8.05 0.453 9.27 6.91 
04/13/2300 07/15/2000 91 05 14 8.63 0.597 11.28 7.62 
S2/TC 63 04/05/2000 07/31/0000 116 STC 8 9.46 1.006 12.64 7.74 
04/05/2000 07/31/0000 116 STC 11 9.37 0.933 12.63 7.76 
04/05/2000 07/31/0000 116 STC 15 9.18 0.814 12.07 7.70 
04/05/2000 07/31/0000 116 STC 19 9.05 0. 726 11.42 7.72 
04/05/2000 07/31/0000 116 STC 23 8.92 0.660 11.02 7.70 
04/05/2000 07/31/0000 116 STC 27 8.80 0.610 10.85 7.57 
04/05/2000 07/31/0000 116 STC 31 8. 71 0.559 10.62 7.55 
04/05/2000 07/31/0000 116 STC 35 8.63 0.532 10.41 7.54 
04/05/2000 07/31/0000 116 STC 39 8.58 0.515 10.24 7.53 
04/05/2000 07/31/0000 116 STC 43 8.52 0.505 10.14 7.51 
04/05/2000 07/31/0000 116 STC 47 8.50 0.502 9.98 7.52 
04/05/2000 07/31/0000 116 STC 51 8.48 0.498 9.92 7.46 
04/05/2000 07/31/0000 116 STC 55 8.47 0.487 9.87 7.48 
04/05/2000 07/31/0000 116 STC 59 8.47 0.518 9.94 7.42 
04/05/2000 07/31/0000 116 STC 61 8.43 0.489 9.79 7.45 
04/05/2200 08/05/1000 121 Bottom 62 8.47 0. 511 9.91 7.47 
*SIO Thermistor Chain 
88 
TABLE 2: Temperature (oC) - (Continued) 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I.D. Depth Mean Deviation Maximum Minimum (m) ( Mon/Da~/Hr) (Mon/Day/Hr) ( Da~s) (m) 
C4/TEMP 133 04/22/0000 07/05/1500 75 GERDA 27 9.28 0.448 10.87 8.29 
04/22/0000 07/04/1900 74 GERDA 43 8.81 0.331 10.01 7.81 
04/22/0000 07/19/1800 88 GERDA 63 8.55 0.316 9.81 7.60 
04/22/0000 07/19/1800 88 GERDA 83 8.32 0.285 9.34 7.41 
04/22/0000 07/19/1800 88 GERDA 103 8.12 0.243 8.86 7.38 
04/22/0000 07/19/1800 88 GERDA 123 7.95 0.260 8.49 7.31 
04/22/0000 07/19/1800 88 GERDA 133 7.81 0.273 8.27 7.16 
qn 
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events 11 seen at the inshore central 1 ine 
moorings but, generally, temperature at C5 
seems to be uncorrelated with the shallower 
CODE-area arr~. Figures 9, 10, and 11 pro-
vide some information on the along-shelf 
variability in the temperature field along 
the 90 m and 60 m i sobaths, respectively. 
Clearly, there is less similarity among 
these temperatures in comparison to the 
central line temperatures. Finally, Fig-
ures 12 and 13 provide a look at the bottom 
temperatures at the UNH bottom pressure 
sites in the CODE-1 area and along the 130m 
isobath, respectively. With the exception 
of the N1 and N2 temperatures which are only 
1.7 km apart, there is very little similar-
ity among the bottom temperature results. 
As seen in Figure 13, the CODE-1 130 m moor-
ings exhibit significantly less tidal fre-
quency temperature variability relative to 
other more distant moorings up and down the 
coast. The statistics for all the tempera-
tures shown in the previous figures are 
presented in Table 2. 
D. TEMPERATURE AND CONDUCTIVITY ARRAY 
EVALUATION AND RESULTS 
An array of temperature and conductiv-
ity sensors was deployed at C4 in order to 
make the measurements required to compute 
time series of density. Sea Bird, Inc. 
sensors were used because they have been 
shown to have the required sensitivity, 
precision and stability for this task. In 
part, their performance standard is related 
to the fact that their output is indepen-
dent of cable impedance. Ironically, the 
sensors deployed during CODE -1 incorporated 
an 
11 improved.. circuit design which made 
them sensitive to cable impedance (a problem 
which has been corrected for the CODE-2 de-
ployment). The problem of impedance sensi-
tivity became apparent after comparing pre-
and post-deployment calibrations. The pre-
cruise calibrations, which were performed 
by the Northwest Regional Calibration Center 
(NRCC) of NOAA located in Bellevue, Washing-
ton, employed a frequency counter which did 
not load the sensor output. The post-cruise 
calibrations, which were performed at the 
UNH calibration facility as described in 
Appendix A, employed a modified form of our 
microprocessor-controlled recorder, which 
did load the sensor output and affected the 
results. To further complicate the situa-
tion, the post-cruise calibrations were not 
performed with the array cabling used at 
sea. The overall effect of these difficul-
ties was to produce constant offsets in the 
different calibrations. Our task was to 
determine these offsets. 
Thus, for CODE -1, we used the CTD ob-
servations to perform an in-situ .. adjust-
ment .. to the pre-cruise calibrations. At 
the time of deployment and recovery, we made 
a special effort to gather CTD data for pur-
poses of i ntercompari son with these moored 
sensors. In addition, the OSU ~drographic 
survey (A. Huyer) provided additional CTD 
data obtained within a 1 km radius of the 
C4 mooring. An example of this comparison 
is presented in Figure 14 which shows the 
difference between CTD results and 11 0bserved 
temperature .. at 83 m depth (the depth of the 
largest vertical temperature gradient). The 
instantaneous differences, which are as 
large as ± 0.33°C probably result from spa-
tial variability and make in-situ calibra-
tions difficult. Nevertheless, the compar-
isons were made and the results for the 
temperature sensors suggested no stati sti-
cally significant drift. A constant temper-
ature adjustment was made to each 11 0bserved 
temperature .. (as tabulated in Table 3), and 
produced agreement between moored and CTD 
temperatures to within ± .01°C. Low-passed 
versions of these temperatures presented in 
Figure 15 show that when sensors were in the 
surface or bottom mixed layers, they showed 
the same values without inversions. (Hourly 
and 15-second data do show inversion for a 
short period of time, however.) Thus, the 
adjustment process is probably adequate for 
subtidal frequency CODE analysis. 
The conductivity observations were 
treated 1 ike the temperature observations 
but in this case a statistically signifi-
cant drift, which we believe is due to in-
situ fouling of the electrodes, was found. 
The observation of drift toward lower con-
ductivity is consistent with our nypothesis 
of biological fouling of the electrodes. 
These drifts were detennined from a linear 
fit to the ARRAY-CTD difference series. The 
27 m conductivity sensor was further cor-
rected by subtracting the exponential drift. 
The detai 1 s of these corrections are tabu-
lated in Table 3. 
Using these corrected temperature and 
conductivity series, the salinity and den-
sity were calculated from the algorithms 
presented in Appendix B. Conductivity, 
salinity and density statistics are presen-
TABLE 3: A summary of corrections applied to the mooring C4 (GERDA) temperature/con-
ductivity array observations in order to minimize aifferences with CTD tem-
perature and conductivity observations. Time, t, is hours after deployment. 
Array Serial Depth 
Location Number (dbar) Applied Correction 
Tl 500 27 -0.267 .. C 
C1 73 -0.232 + 2.4x1o-5t + 3.4x1o-2 e-.0028 t s/m 
T2 485 43 -0.050"C 
C2 8(} +0.0076 s/m 
T3 489 63 -0.050 .. C 
C3 79 -0.0010 + 7.4 X w-6t s/m 
T4 501 83 0.025"C 
C4 78 0.001 + 6.0 x 1o-6t s/m 
T5 492 103 -0.04o"c 
C5 59 -0.0021 + 1.04 X w-5t s/m 
T6 490 123 -0.020 .. C 
C6 76 -0.0025 + 2.04 X w-5 t s/m 
SOT 133 + 0.130 .. C 
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ted in Table 4. The low-passed salinity 
and sigma-t series are plotted on the abso-
lute scales in the upper panels of Figure 
15. Clearly some problems (and uncertain-
ties) remain as density inversions can be 
seen in a few places. 
In summary, the temperature/conductiv-
ity array results agree with the CTD obser-
vations to within% 0.01°C, % 0.02°/oo (af-
ter correction) and % 0.02 sigma-t units. 
The precision or relative accuracy for a 
particular time series is more than an or-
der of magnitude better than the absolute 
uncertainties. 
The hourly corrected series is the data 
base for further analysis and is plotted in 
Figure 7. In addition to the array temper-
atures, there is an internal Sea Data therm-
istor (SOT) sensor in the bottom instrument 
pressure case. This temperature was also 
adjusted to fit the CTD series as tabulated 
in Table 3. The statistics for the nonnal-
ized corrected density array series are 
given in Tables 2 and 4. 
In addition to recording 15-minute 
average values from all temperature and 
conductivity (and pressure) sensors during 
the entire experiment, GERDA recorded 15-
second average values of all sensors on the 
condition that an 11 i nteresti ng.. event was 
occurring. More specifically, incoming 15-
second data from each sensor was converted 
l!( means of an in-situ processing scheme 
into the energy in the frequency band be-
tween 2 cph and 120 cph . When this energy 
for any sensor exceeded a 11 Critical level 11 
the 15-second data from the previous hour 
for all sensors was recorded. In order to 
insure the recording of some 11 i nteresti ng 11 
observations during this initial test, the 
.. critical level 11 was defined as the mean 
plus two standard deviations of the energy 
in the previously observed data. With these 
criteria, 500 records were written for about 
100 separate events. Figure 16 shows one 
such event of about 4 hours duration. One 
degree C spikes of 15 minute duration are 
observed. Coherent signals are seen between 
several different levels. These kinds of 
results can be used to produce a time vary-
ing T-crt relationship at a particular 
site. An example of four hours of 15-second 
T-crt results is shown in Figure 17. 
TABLE 4: Conductivity, Sa 1 i ni ty, Si gma-t 
CONDUCTIVITY (siemans/meter) 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I. D. Depth Mean Deviation f·1aximum Minimum 
(m) (Mon/Day/Hr) ( Mon/Day /Hr) (Days) (m) 
C4 133 04/22/0000 07/05/1500 75 GERDA 27 3.63 0.0397 3. 76 3.54 
04/22/0000 07/04/1900 74 GERDA 43 3.59 0.0236 3.67 3.51 
04/22/0000 07/19/1800 88 GERDA 63 3.57 0.0261 3.69 3.49 
04/22/0000 07/19/1800 88 GERDA 83 3.56 0.0227 3.64 3.48 
04/22/0000 07/19/1800 88 GERDA 103 3.55 0.0210 3.61 3.48 
04/22/0000 07/19/1800 88 GERDA 123 3.53 0.0199 3.58 3.48 
SALINITY (~arts ~er thousand) 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I.D. Depth Mean Deviation Maximum Minimum (m) ( l~o n/Day I Hr) ( Mon/Day /Hr) (Days) (m) 
C4 133 04/22/0000 07/05/1500 75 GERDA 27 33.871 0.0860 34.124 33.284 
04/22/0000 07/04/1900 74 GERDA 43 33.861 0.1093 34.187 33.491 
04/22/0000 07/19/1800 88 GERDA 63 33.943 0.0720 34.115 33.703 
04/22/0000 07/19/1800 88 GERDA 83 33.981 0.0640 34.172 33.729 
04/22/0000 07/19/1800 88 GERDA 103 34.031 o. 0615 34.417 33.600 
04/22/0000 07/19/1800 88 GERDA 123 34.054 0.0476 34.167 33.924 
SIGW\-T 
Water Start Stop Instrument Sensor Standard 
Station Depth Time Time Duration I. D. Depth r·1ean De vi ati on Maximum Minimum 
(m) (Mon/Day/Hr) (Mon/Day/Hr) (Days) (m) 
C4 133 04/22/0000 07/05/1500 75 GERDA 27 26.209 0.1110 26.505 25.611 
04/22/0000 07/04/1900 74 GERDA 43 26.276 0.1284 26.611 25.830 
04/22/0000 07/19/1800 88 GERDA 63 26.382 0.0903 26.584 26.146 
04/22/0000 07/19/1800 88 GERDA 83 26.447 0.0835 26.663 26.183 
04/22/0000 07/19/1800 88 GERDA 103 26.516 0.0685 26.833 26.094 
04/22/0000 07/19/1800 88 GERDA 123 26.559 0 0 0629 26.729 26.403 
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Figure 3. Each series is plotted relative to its mean value (as given in Table 2) which is denoted by the tick mark 
on the vertical axis. 
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Figure 6. Each series is plotted relative to its mean value (as given in Table 2) which is denoted t:y the tick mark 
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Figure 7. Each series is plotted relative to its mean value (as given in Table 2 for temperature, Table 4 for salinity 
and conductivity) which is denoted by the tick mark on the vertical axis. 
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Figure 9. Each series is plotted relative to its mean value (as given in Table 2) which is denoted by the tick mark 
on the vertical axis. 
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Figure 10. Each series is plotted relative to its mean value (as given in Table 2) which is denoted ~Y the tick mark 
on the vertical axis. 
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Figure 11. Each series is plotted relative to its mean value (as given in Table 2) which is denoted by the tick mark 
on the vertical axis. 
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Figure 12. Each series is plotted ~lative to its mean value (as given in Table 2) which is denoted by the tick mark 
on the vertical axis. 
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Figure 13. Each series is plotted relative to its mean value (as given in Table 2) 
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Figure 14. Differences between the CTD and thermistor chain temperatures at 83 m depth at C4 are shown as a function 
of time. Although some dots may appear to be aligned in the vertical, the observations were actually separated in time. 
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Figure 15. Low-pass filtered corrected temperature, salinity and density results from moored C4 temperature/conduc-
tivity array are shown plotted on an absolute scale. The salinities and densities have been computed from the correc-
ted temperatures and conductivities (see textt according to the relationships in Appendix B. 
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15-second T-at results is shown. 
APPENDIX A: Laboratory Calibrations 
(1) Calibration Tank: All temperature, 
conductivity and pressure calibrations are 
done in the UNH temperature-controlled water 
bath. Figure 18 shows a schematic view of 
the electrical hook-up (top) and mechanical 
l~out (bottom) of the calibration facility. 
A 6000 BTU/hour compressor runs continually, 
cooling the water in a 40-gallon tank which 
is thoroughly mixed with a stirring motor. 
A YSI Model 72 proportional temperature con-
troller monitors the temperature of the bath 
with its own thenni stor, and puts the re-
quired energy into a heating coil to main-
tain a constant temperature in the bath. A 
pump circulates this water through another 
40-gallon tank in which the sensors to be 
calibrated are placed. 
Each sensor has a frequency-modulated 
output which is connected to a distribution 
box. The frequency of any sensor can be 
monitored by a Hewlett-Packard Model 5304 
counter, and all sensor signals are fed into 
a UNH microprocessor-controlled counter (a 
modified version of our seagoing units), 
which can accept the inputs from up to 18 
sensors. The counter takes a 100 second 
average of the frequency from each sensor 
8.0V 
UNH CALIBRATION TANK 
SUPPLY VOLTAGE 
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Figure 18 
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and prints it out. The voltage to the sen-
sors is supplied by a Harrison Model 6237 
power supply and monitored with a FLUKE 
Model SOOOA DVM. The temperature of the 
bath near the sensors being calibrated is 
monitored with a H-P quartz thermometer. 
(2) Temperature Reference: The tem-
perature of the test section of the calibra-
tion bath is monitored by one (sometimes 
two) Hewlett-Packard quartz thermometers 
(DYMEC Model 2832A) which have been modi-
fied (a) by Frank Snodgrass to remove the 
quartz sensor from thermal effects of the 
electronics (Snodgrass, 1968) and (b) Q}l 
Electronic Services of San Diego to replace 
the crystal driving electronics with low 
power circuitry. These two sensors (serial 
numbers M6 and M8) are periodically cal i-
brated by an outside calibration facility 
(traceable to NBS) to determine the sensi-
tivity, which is nearly linear and does not 
significantly vary with time. The calibra-
tion results were fit to within :t 1 milli-
degree C by the following quadratic form, 
F(Hz) =A+ BT + CT2, ( Al) 
where F is the sensor output frequency in 
Hz, and T the temperature in degrees Centi-
grade. We have observed that the sensors 
ex hi bit reference temperature shifts 'if sub-
ject to shock. Therefore, the sensors are 
standardized once a year in a triple-point-
of-water cell to adjust the coefficient A. 
Temperature is then estimated from fre-
quency, F, by 
(A2) 
The coefficients in equations (Al) and (A2) 
for our two reference sensors are listed in 
Table AI. In the calibration facility, the 
recorded resolution of the reference temper-
ature i s 10-5 o C • 
(3) Conductivity Reference: The salin-
ity of the temperature-controlled bath is 
measured by running samples in a Gui 1 dl i ne 
Model 8400 salinometer referenced to IAPSO 
standard sea water P-85. The rated repeat-
ability of this instrument is :t 0.001°/oo. 
(We have not run intercomparisons with other 
institutions). Salinity is estimated from 
5 
A Rn/2 + s = L 
n=O n 
( A3) 
T-15 5 Bn Rn/2 , L 
1.0 + 0.0162 ( T -15) n=O 
TABLE AI: 
Calibration coefficients for the two H-P 
reference thermometers according 
to equations (Al) and (A2) 
Date: November, 1981 - Used in Post-
CODE-! and Pre-CODE-2 Calibrations. 
A 
B 
c 
y 
B 
a 
Reference is the International Practical 
Temperature Scale of 1968 (IPTS, 1969). 
HP Sensor Serial Number: 
M6 M8 Units 
5015.85 4876.18 Hz 
986.9225 999.0383 Hz/oC 
0.1762 0.1541 Hz/oC2 
2000.5746 3241.5260 oc 
7814751.5 1047584 7.6 oc2 
5.6754 6.4893 °C2/Hz 
where S is the salinity in °/oo, R the con-
ductivity ratio at temperature T, and T the 
temperature in degrees Centigrade. The coef-
ficients A and Bare tabulated in Table All. 
The saltwater used in the calibration 
bath is seawater obtained from the mouth of 
the Pi scataqua River at Portsmouth, N.H. and 
is assumed to have the ionic contents of 
standard seawater. The conductivity, C 
(siemens.fflleter), is calculated according to 
(A4) 
where the conductivity at atmospheric pres-
sure, C , is written in tenns of a tempera-
a 
ture-dependent term, Ct, and a salinity-
dependent tenn, Cs, according to the follow-
; ng fonnul ae of Acerboni and Mosetti ( 1967), 
and 
1 + a T bT 
e 
[sS-y(S-35)(T-20)] 
e . 
(AS) 
TABLE AI I: 
Coefficients for the detennination of 
salinity according to Equation (A3). 
Referenced to the Practical Salinity 
Scale of 1978 (Lewis, 1980). 
A = 0 0.0080 B = 0 0.0005 
A1 = -0.1692 B1 = -0.0056 
A2 = 25.3851 B2 = -0.0066 
A3 = 14.0941 B3 = -0.0375 
A4 = -7.0261 B4 = 0. 0636 
As = 2. 7001 Bs = -o. 0144 
The pressure correction term, CP, 
1 a ted according to Bradshaw and 
(196S)' 
is calcu-
Schl ei cher 
where 
and Pis the pressure in decibars. 
efficients for equations (AS) and 
tabula ted in Table All I. 
( A6) 
The co-
(A6) are 
(4) Pressure Reference: An Ascroft 
dead weight tester (borrowed from the UNH 
mechanical engineering department) is used 
as the pressure standard. To minimize rela-
tive errors, all pressure sensors are con-
nected to a common manifold and mounted at 
the same depth in the calibration tank. By 
using a common manifold, any systematic er-
ror in absolute pressure will be removed 
when we estimate pressure gradients. The 
dead weight applied pressure is converted 
to absolute pressure by the addition of 
1 ocal atmospheric pressure at the time of 
the calibration. 
111 
TABLE Alii: 
Coefficients for the Determination 
of Conductivity 
(1) C0 coefficients; 
A1 = 2.1923 
A2 = 0.12842 
a = 0.1243 
B = -9.78x10-4 
112 
(2) Cp coefficients; 
s0 = 1.5192 
B1 = -4.5302 x 10-
2 
B2 = 8.3089 X 10-
4 
B3 = -7.9 X 10-
6 
E0 = 1.0 
E1 = -0.1535 
E2 = 8.276 X 10-
3 
E3 = -1.657 X 10-
4 
d0 = 6.95 x 10-
3 
Equation 
a = 
b = 
y = 
Equation 
D1 = 
D2 = 
03 = 
Fo = 
F1 = 
F2 = 
(AS) 
0.032 
2.9 X 10-3 
1.65 X 10-S 
(A6) 
1. 042 X 10-3 
-3 . 3 913 X 10 -8 
3.3 X 10-13 
4.0 X 10-4 
2.577 X 10-5 
-2.492 X 10-9 
APPENDIX B: Computations 
For analysis of the moored time series, 
temperature and conductivity records at a 
fixed depth (constant pressure) are conver-
ted to salinity series by formulae derived 
by Rohde ( 1972). It should be noted that 
the temperature calibrations are referenced 
to the International Practical Temperature 
Scale of 1968, T68, and the equations 
in this section are referenced to the 1948 
standard, T48• Mackenzie (1971) gives 
the difference, T , as 
c 
(81) 
over the temperature range -2°C to 35°C. 
T 68 can be substituted in the right-
hand side of B1 without significant 
error. After making the above correction to 
temperature, the salinity is calculated by 
s = HL A.. Tk C j Pi lJ k 0 ( 82) 
where T = Tobs - T c is the corrected temper-
ature in degrees C, P the pressure in deci-
bars, C
0 
= 10 C- 30, and Cis conductivity 
in siemens/meter. The coefficients A are 
tabulated in Table BI. 
The density time series are calculated 
using two empirical formulae. The first is 
from M. Knudsen and calculates the surface 
anomaly of density (sigma-t). The second, 
from V. W. Ekman, calculates the specific 
volume. Both of these relations were refor-
mulated by Fofonoff and Tabata (1958) to 
compute density as follows: 
D = (SIGT + 1000)/SPVOL 
where Dis in kg/m3 , and 
SIGT = La.Ti /(T +A ) + HA .. (SZ)iTj 
1 0 lJ 
for which SZ = LB. Sj J 
+ 
( B3a) 
( B3b) 
Here T is the temperature in °C, S the 
salinity in o /oo and P the pressure in 
deci bars. The coefficients are tabulated 
in Table 81 I. 
The velocity of sound in seawater, V, 
is calculated from the following equations 
of Wilson (1960) 
where V is in meters/second. The deviations 
from standard velocity are 
( 84b) 
d V (s - 35)i TjPk an ll STP = n:Iaij k 
Here Pis the absolute pressure in kg-force/ 
cm2, which is computed from our observed 
pressure, P 0 , from 
2 P (kg-force/em ) = 0.1019716 P 0 ( dbars) 
The coefficients are listed in Table 8III. 
The resultant uncertainty in any of the 
above calculations is estimated from the un-
certainty of each of the quantities used in 
the calculations. Table 8IV lists the typ-
i ca 1 range of va 1 ues found at C4 during 
CODE-1. Parts A and 8 of Table 8IV list 
the sensitivities of the salinity and dens-
ity determinations at typical CODE-1 values 
estimated from the appropriate derivatives 
of equations (82) and (83a). Therefore, 
for the salinity to be within :t 0.01°/oo 
of its true value, the uncertainty, £, in 
each component value must be 1 ess than £T 
< ~ 0.01 °C, Ec < ~ 0.001 s/m, Ep < ~ 25 
dba r. Simi 1 arly, for the uncertainty in 
density (or sigma-t) to be less than ~ 0.02 
kg/m3 (:t 0.02 sigma-t units), the uncer-
tainty, £, in each component value must be 
less than ET < :t 0.05°C, ES < :t 0.01°/oo, 
EC < :t 0.02 s/m (:t 0.01 mmhos/cm), Ep < 
:t 1.4 dbar. The uncertainty in our meas-
urements in CODE-1 is controlled by the 
conductivity sensor and our ability 
correct for the drift due to fouling. 
to 
TABLE 81: Coefficients for calculation of 
salinity according to eg. (82) 
A000 = 36.2676 
A001 = -1.19646 
A002 = 3.38455 X 10-
2 
A003 = -1.11822 X 10-
3 
Aa04 = 3.28739 X 10-5 
A005 = -4.4552 x 10-
7 
A020 = 3.2844 X 10-
3 
A021 = -1.9293 X 10-
4 
-6 A022 = 6.5837 X 10 
A -7 023 = -1.1986 X 10 
A100 = -0.63090 
A -2 101 = 3.4267 X 10 
-3 A102 = -1.08718 X 10 
-5 A103 = 2.0785 X 10 
-7 A104 = -1.4572 X 10 
A120 = 5.245 X 10-
5 
-6 A121 = -4.930 X 10 
-7 A122 = 1.0899 X 10 
A210 = 5.336 X 10-
4 
A211 = -2.5137 X 10-5 
A212 = 4.065 X 10-7 
A010 = 1.33711 
A011 = -4.47259 x 10-
2 
-3 A012 = 1.33715 X 10 
A013 = -3.58008 X 10-
5 
A -7 01 4 = 5.0496 X 10 
A030 = 1.0643 X 10-
5 
A110 = -1.769 x 10-
2 
A111 = 7.9932 X 10-
4 
-5 A112 = -1.3712 X 10 
-8 A113 = 4.036 X 10 
A200 = 2.6942 X 10-
2 
A201 = -1.3535 X 10-
3 
A202 = 3.9724 X 10-
5 
A203 = -6.161 X 10-? 
A300 = -4.548 X 10-
4 
A -5 301 = 1.116 X 10 
113 
114 
TABLE BI I: 
Coefficients for calculation of density 
according to equations (B3a) and (B3b) 
a1 = 4.53168 
-1 a2 = -5.45939 x 10 
-3 a3 = -1.98248 x 10 
-7 a4 = -1.43803 x 10 
A0 = 67.26 
-2 BQ = -9.34459 X 10 
B1 = 8.14877 X 10-
1 
-4 B2 = -4.82496 X 10 
A10 = 1.0 
-3 All = -4.7867 X 10 
-5 A12 = 9.8185 X 10 
0-6 A13 = -1.0843 X 1 
A20 = 0.0 
-5 A21 = 1.8030 X 10 
0-7 A22 = -8.1640 x 1 
-8 ~3 = 1.6670 X 10 
-6 B3 = 6.76786 X 10 
bQ = 4.886 X 10-6 b1 = 1.830 X 10-
5 
-11 10-22 G100 = -2.207 x 10 : G200 = -6.680 x 
G101 = 3.673 X 10-
12 ~ G201 = -1.241 x 10-20 
-14 140 10-22 G102 = -6.630 X 10-16 ~ G202 = 2. X -21 
G103 = 4.000 x 10 : G210 = -4.248 x 10 
-
12 206 10-22 GllO = 1. 725 x 10 : G211 = 1. X 
-14 : -24 G111 = -3.280 X 10 : G212 = -2.000 X 10 
-16 8 10-23 G112 = 4.000 X 10 : G220 = 1. 00 X 
-15 : 0-25 G120 = -4.500 x 10 : G221 = -6.000 x 1 
-16 10-29 G121 = 1.000 X 10 : G301 = 1.500 X 
TABLE BI II: 
Coefficients for calculation 
of sound in seawater according 
to equations (B4a) and (B4b) 
A1 = 4.6233 
o-2 A2 = -5.4585 X 1 
A3 = 2.822 X 10-
4 
A4 = -5.07 X 10-7 
B1 = 1.391 
B2 = -7.8 X 10-
2 
01 = 1.60518 X 10-l 
02 = 1.0279 
03 = 3.451 
04 = -3.503 
A011 = -2.796 
A012 = -2.391 
A021 = 1.3302 
A022 = 9.286 
A031 = -6.644 
A013 = -1.745 
AlOl = 2.61 
A102 = -1.96 
A110 = -1.197 
A111 = -2.09 
X 10-5 
X 10-9 
X 10-12 
X 10-4 
X 10-7 
X 10-5 
X 10-10 
X 10-8 
X 10-10 
X 10-4 
X 10-7 
X 10-2 
X 10-6 
TABLE BIV: 
Salinity and density sensitivities 
to changes in temperature, conduc-
tivity and pressure for rang~s of 
temperature: 7.5 C < T < 13 C; 
salinity: 33.1° /ou < s <34.1°/uo; 
and sigma-t: 25.0 < crt < 26.5. 
A. Salinity Sensitivity: 
as 0 0 aT- -0.9 /oo/ C 
aS -4o/ ba 
- - -4 x 10 o o /d r 
aP 
B. Density Sensitivity: 
tf- -0.2 kg/m3/oC 
ap 0 3/o/ 
- 0.8 kg/m oo as-
.£.£. = .£.£. x ~ - 8 kg/m3 /s/m 
ac as ac 
~~ - 0.007 kg/m3 /dba r 
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A. INTRODUCTION 
This report describes the moored bot-
tom pressure observations obtai ned during 
the first major fie 1 d phase of the Coasta 1 
Ocean Dynamics Experiment {CODE-1), which 
took place along the northern California 
coast {shown in Figures 1 and 2) during the 
months of April through July, 1981. Descrip-
tions of the moored current, temperature, 
conductivity and meteorological {primarily 
wind) observations appear in other chapters 
of this report. In Section B, we describe 
the array and the instrumentation used in 
the experiment. In Section C, the bottom 
pressure results are presented. 
8. BOTTOt4 PRESSURE ARRAY 
The CODE-1 bottom pressure array con-
sisted of eight {8) elements deployed by 
W. Brown and J. Irish from the University 
of New Hampshire {UNH) and four {4) elements 
deployed by C. Winant from the Scripps 
Institution of Oceanography {SIO) at the 
stations indicated in Table 1 and shown in 
Figures 1 and 2. Although the deployment 
configurations differed between the UNH and 
SIO instruments {see Figure 3), the pres-
sure sensor in each case was manufactured 
by Paroscientific, Inc. and pressure/temp-
CODE-I SMALL-SCALE ARRAY 
0 
124•oo' 
Figure 1. Stations where bottom pressure 
measurements were made during CODE-I are 
shown as darkened circles. 
CODE -I LARGE-SCALE ARRAY 
E4. ( CRESCENT CITY 
r,:t' 
rt,Cl 
A4 
Figure 2. The elements of the large-scale 
bottom pressure array are shown as darkened 
circles. N4, C4 and S4 are also part of the 
small-scale array shown in Figure 1. 
~I 
TABLE 1: Bottom Pressure (db} 
Water Start Stop Instrument Sensor *Standard 
Station Depth Time Time Duration I. D. Depth Mean Deviation *Maximum *Minimum 
(m} ( Mon/Da~/Hr} ( Mon/Da~/Hr} (Days} (m} 
A4 127 04/07/1600 07/28/1600 112 PICKET (UNH} 127 127.53 0.464 1.147 -1.250 
0.025 0.052 -0.066 
84 125 04/08/2000 07/16/1200 98 KELVIN (UNH} 125 125.56 0.504 1.217 -1.384 
0.027 0.076 -0.076 
54 130 04/23/2000 07/16/2000 84 KIWI (UNH} 130 130.92 0.529 1.248 -1.423 
0.027 0.070 -0.064 
C4 133 04/21/2200 07/19/1800 88 GERDA (UNH} 133 133.34 0.532 1.250 -1.437 
0.035 0.090 -0.095 
N4** 131 04/18/2200 06/03/7300 46 MICHAEL (UNH} 131 131.69 0.527 1.228 -1.438 
0.021 0.041 -0.046 
E4 131 04/19/2200 07/18/0000 89 VOGEL (UNH} 131 131.68 0.652 1.459 -1.773 
0.054 0.127 -0.115 
52 63 04/06/0800 07/31/2300 116 52 ( SIO} 62 63.53 0.528 1.275 -1.462 
0.042 0.093 -0.120 
C2 67 04/01/0800 07/23/1500 113 C2 ( SIO} 66 68.30 0.522 1.246 -1.418 
0.048 0.086 -0.136 
N2 57 04/18/2000 07/18/1900 90 MANNING (UNH} 57 57.06 0.538 1.229 -1.462 
0.047 0.115 -0.134 
C1 33 04/01/0800 07/11/1500 101 C1 ( SIO} 33 33.26 0.516 1.270 -1.363 
0.046 0.111 -0.118 
N1*** 41 04/18/2000 07/18/1800 90 SHELDRAKE (UNH} 41 41.37 0.536 1.253 -1.462 
0.044 0.082 -0.126 
so 4 04/01/0800 07/26/2300 116 so ( SIO} 3 3.67 0.522 1.274 -1.419 
0.048 0.086 -0.134 
*Each set of statistics includes the maximum and minimum value relative to the indicated mean value and the standard deviation, 
with the upper value pertaining to entire series of hourly values and the lower value pertaining to the low-passed series. 
**The N4 record is about one-half of the length of the other series. 
***The N1 series was very noisy and required a comprehensive editing process which included smoothing of the original 7. 5 minute 
data. 
erature calibrations have been performed on 
all sensors at the UNH calibration facility. 
Due to the 100 m depth 1 imitation of 
the SIO sensors, the shallower sites at C1, 
C2, and 52 were occupied by SIO instruments, 
which were mounted on the anchor and de-
ployed and recovered with ground lines. The 
pressure instrument at SO was mounted on a 
Coast Guard pier piling in the outer Bodega 
Bay harbor. At SIO stations 52 and C2, 
closely-spaced thermistor chains were 
deployed vertically above the bottom pres-
sure sensor, while at C1 a current meter 
string was deployed above the anchor on 
which the bottom pressure sensor was moun-
ted. The UNH bottom pressure/temperature 
instruments are self-contained bottom 
instruments consisting of sensors, record-
; ng electronics canister, acoustic release 
frame and anchor. A more detailed descrip-
tion of the 11 Standard 11 UNH instrument ap-
pears in Appendix A. Four of these .. stan-
dard.. instruments were deployed at A4 
(PICKET)*, B4 (KELVIN), 54 (KIWI) and E4 
*( 
identifications 
indicate 
which 
UNH 
are 
instrument 
names of 
seamounts in the New England Seamount chain. 
(VOGEL) on the 130m isobath during CODE for 
purposes of obtaining information about the 
alongshelf variability in the pressure field. 
A newer version of the UNH instrument incor-
porates the use of a microprocessor-based 
data 1 oggi ng system and thus wi 11 be refer-
red to as UNH 11mi cro-i nstruments 11 • With 
their greater recording flexibility as 
described by Irishetal. (1981), the .. micro-
instruments .. are used in connection with the 
deployment of temperature/conductivity (T/C) 
chains which are described in the previous 
chapter. During CODE-1, the C4 pressure 
instrument (GERDA) was deployed with a T/C 
chain, while two other micro-instruments 
were deployed without T/C chains at N4 
(MICHAEL) and N2 (MANNING). The eighth UNH 
instrument (standard type) was mounted on an 
anchor and deployed with a ground-line at N1 
(SHELDRAKE). 
The packaging of the UNH and SIO pres-
sure sensors is different. The UNH pres-
sure sensor is mounted in a separate pres-
sure housing, which itself is bolted to the 
outside of the data logger pressure housing. 
The SIO sensor is mounted inside the data 
logger pressure housing and interfaced to 
the water outside through an oil-filled 
tube. In both cases, a thermistor tempera-
ture of the data logger pressure housing is 
measured and used during data reduction to 
account for the temperature sensitivity of 
the pressure sensor itself. 
A pre-CODE pressure calibration has 
been performed by submerging the array of 
UNH pressure sensors connected by a mani-
fold into a constant temperature bath. A 
post-CODE-1 intercalibration of SIO and UNH 
sensors has been performed also. The expec-
ted 1 ong-term drift for the 400 psi UNH 
sensors of about 1 mi 11 i bar (mb) per month 
has been confirmed by this calibration 
sequence. (Wearn, 1980, presents a much 
more detailed description of the long-tenn 
behavior of these sensors.) These long-tenn 
drifts are due to several causes including 
(a) mechanical creep within the sensor it-
self, (b) settling of the seafloor i nstru-
mentation into the sediment and (c) unre-
solved temperature sensitivity of the pres-
sure sensor. There is nothing one can do 
about mechanical creep within each sensor 
except to monitor it with frequent calibra-
tions which we do. Occasionally we observe 
relatively large (10 to 100 em) drifts which 
we attribute to settling of a particular 
UNH INSTRUMENT PACKAGE 
A LIFTING RING 
B SONATEK ACOUSTIC 
RELEASE TRANSPONDER 
C OAR RADIO TRANSMITTER 
D OAR FLASHING UGHT 
E RADIO LIGHT CLAMP 
F INSTRUMENT FRAME 
G RELEASE ASSEMBLY 
H EXPLODING BOLT 
I ANCHOR FRAME 
J PRESSURE SENSOR 
K ~ROS PRESSURE SENSOR CLAMP 
L ACOUSTIC RELEASE CLAMPS 
M OAR FLASHING LIGHT CLAMP 
N BENTHOS GLASS SPHERE BUOYANCY 
0 DATA LOGGER CANNISTER 
Figure 3 
5' 
SIO INSTRUMENT PACKAGE 
~PICK- UP HOOK 
6" PIPE 
ANGLE IRON TO 
PROTECT INSTRUMENT 
DURING DE PLOY ME NT 
AND RECOVERY 
:---_PRESSURE PORT 
Pkg 
1000 lb 
RAILROAD WHEEL 
instrument in soft sediment. In both cases 
(a) and (b) the first-order non-geographical 
drift can be removed effectively with least 
squares fitting techniques. The problem of 
rema1mng temperature-related uncertainty 
is less easily resolved and probably repre-
sents the limitation in the high frequency 
precision of bottom pressure measurements. 
Specifically we find, as discussed in Ap-
pendix B, that the typical uncertainty in 
400 psi bottom pressure sensors due to temp-
erature effects is about. ± 0.1 millibar with 
a worst case for a 900 psi sensor of about 
± 0.5 mb. 
C. BOTTOM PRESSURE OBSERVATIONS 
Hourly values of the bottom pressure 
records are shown for along-shelf array sta-
tions in 130m in Figure 4 and the shallower 
CODE area array stations in Figure 5. (All 
time series plots are centered on the mean, 
unless otherwise indicated.) Clearly the 
tidal signal dominates these bottom pres-
sure records and obscures the 1 ower ampl i-
tude wind-forced signal of interest. Our 
technique for studying the non-tidal signal 
includes the subtraction of a predicted 
tide from the raw data records. Thus a pre-
liminary harmonic analysis of the tidal 
signals was performed and the results of 
these analyses are summarized in Table 2 in 
terms of the amplitude and Greenwich phase 
of the principal semi-diurnal (M2) and diur-
nal (Kl) constituents. In general, the M2 
tide is found to increase in amplitude and 
phase from south to north and numerically 
is in excellent agreement with observations 
and predictions regarding California tides 
by Munk, Snodgrass and Wimbush (1970). These 
results also indicate a tendency for reduced 
amplitude and increased phase going from 
deep stations to shallower stations in the 
CODE area. The latter results are somewhat 
tentative because of the relatively smaller 
signal to noise ratio. 
The tidal analysis for a particular 
station is used to predict a ti da 1 series, 
which is subtracted from the original series 
to form a residual series. A low pass fil-
ter, with a sharp cutoff at a 36-hour per-
iod is applied to the residual series to 
form the subtidal series. The results of 
this process for the C4 pressure series is 
shown in Figure 6. In Figures 7 and 8, the 
subtidal versions of the pressures are 
shown for the along-shelf and the CODE area 
arrays, respectively. 
TABLE 2: The hannoni c constants for the 
principal semidiurnal (M2) and diurnal (K1) 
constituents. The amplitude, A, is expressed 
in decibars and phase is in Greenwich 
degrees, G. See Chapter I, Table 2 for 
mooring positions. 
Tides 
Stn. Depth M2 Kl 
I • D • ( m ) Day s A G A G 
A4 127 112 0.464 165.1 0.337 213.9 
B4 125 98 0.518 185.3 0.363 218.7 
S4 130 84 0.537 193.0 0.364 223.4 
S2 63 116 0.531 195.6 0.369 224.5 
so Coast 116 0.527 193.1 0.354 222.0 
C4 133 88 0.544 194.0 0.385 227.6 
C2 67 113 0.538 197.4 0.361 224.6 
C1 33 101 0.532 197.8 0.339 223.5 
N4 131 46 0.560* 195.5* 0.370* 224.6* 
U2 57 90 0.560 194.9 0.383 226.9 
N1 41 90 0.557 198.9 0.383 228.8 
E4 131 89 0.718 212.7 0.396 228.2 
*The N4 constituents were computed for a much 
shorter series, and thus have greater uncer-
tainty than the others. 
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The statistics for the subtidal pres-
sures are presented in Table ~· A contour 
plot of the CODE area bottom pressure stan-
dard deviations appears in Figure 9 which 
shows results from series with a common time 
period. (Thus N4 was omitted from this com-
putation). This picture shows that the amp-
litude of the fluctuating subtidal pressure 
field doubles moving landward from about 
the 130m isobath to the coast in the CODE 
a rea. There is a 1 so a strong i ndi cation of 
intensification from south to north, partic-
ularly in the region toward Point Arena. 
Because the pressure field itself is so 
highly coherent, with zero phase shifts 
wi thi n the CODE a rea proper, the map in 
Figure 9 provides a good indication of the 
fluctuating subti da 1 pressure difference 
field. (These results appear later). 
Representative energy density spectra, 
for the period range from 10.5 deys to 
2 hours, are shown for the along-shelf and 
the cross-shelf arrays in Figures 10 and 
11, respectively. Clearly, the principal 
bottom pressure energy resides in the semi-
diurnal and diurnal tidal bands, which is 
separated by a spectral gap from the energy 
in the 5 to 1 0-day band. The results of 
PRESSURE PROCESSING 
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Figure 6. A presentation of the results of the bottom pressure processing. On top is the 
"original" C4 bottom pressure, in the middle is the "residual" series after the predicted tide 
has been removed from the original series, and at the bottom is the subtidal frequency version 
of the residual series which has been low-pass filtered (cut-off period 36 h). Note that the 
subtidal pressures are shown on a lOx amplified scale. 
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Figure 8. Series are plotted relative to their mean values which have been removed. 
Figure 10 show the trend from lower to 
higher energy at stations from Point Con-
ception (A4) northward to Crescent City 
( E4). The comparison of results from sta-
tions C4 and Cl on the CODE-1 central line 
in Figure 11 shows the expected shoreward 
increase in subtidal energy. 
D. PRESSURE GRADIENT ESTIMATES 
The quantity of dynamical interest, 
however, is not the bottom pressure per se, 
but the horizontal pressure gradient. Under 
certain conditions, the bottom pressure 
gradient is nearly the same as the overall 
horizontal pressure gradient, so here we 
present estimates of the bottom pressure 
gradient in the CODE area. These estimates 
are made by first taking the pressure sta-
tions (inshore minus offshore and northern 
minus southern) and then dividing this dif-
ference by the station separation distances, 
which are listed in Table 3. The cross-shelf 
pressure gradient estimates for the central 
[CPG = (C2-C4)/(.~X)] and southern [SPG = 
(S2-S4)/(~X)] are shown in Figure 12. Coher-
ence computations (not presented) show that 
(a) the subtidal cross-shelf gradients from 
1 i ne to 1 i ne are highly coherent as we might 
expect if the along-shelf current is in geo-
SUBTIDAL BOTTOM PRESSURE STANDARD DEVIATION 
CONTOURS IN MILLIBARS 
• 
• 
124ooo' 123°00' 
Figure 9. A contour plot of the CODE-I small-
seale array subtidal bottom pressure standard 
deviations in units of millibars. The results 
from the short N4 record have not been included 
in this presentation. 
strophic balance with the pressure gradient 
field, and (b) the difference in gradient 
estimates using either inshore station C1 
or C2 is small. In fact, the C1-C2 subtidal 
gradient estimate is virtually incoherent 
with the C2-C4 or the C1-C4 gradient esti-
mates i ndi cati ng that the C1/C2 separation 
of about 1 km is too small to make useful 
cross-shelf gradient estimates. The re-
sults from the other closely-spaced pres-
sure pair at N1/N2 are similar. A more 
detailed analysis of OODE-1 and CODE-2 
pressure data will be required before we 
can estimate the minimum useful cross-
shelf separation distances in the CODE 
area. Also in Figure 12 examples of 
shallow [65 m, IPG = (C2-S2)/(~Y)] and 
deeper [130m, OPG = (C4-S4)/(~Y)] along-
shelf pressure gradient estimates are com-
pared. Generally there is some coherence 
between the subtidal shallow and deep grad-
ients for five-day periods, but there is a 
relative deficiency of low-frequency energy 
in the shallower gradient estimates. 
Energy density spectra of representa-
tive pressure gradient estimates are com-
pared in Figure 13. As expected, the sub-
tidal energy in the cross-shelf gradients 
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is larger than that in the along-shelf 
gradients (by about two orders of magn i-
tude). As shown in Figure 13a, the sub-
tidal central line gradient (CPG) is more 
energetic than the southern 1 i ne gradient 
(SPG), which is consistent with earlier 
observations regarding the pressure field 
itself. Perhaps unexpectedly as shown in 
Figure 13b, we find that the subtidal along-
shelf gradients in 130m, OPG, are more 
energetic than the corresponding gradients 
along the 65 m isobath, IPG. 
TABLE 3: CODE-1 Station Separation Distances in the Along-shelf and 
Cross-shelf Directions. 
A 1 ong- Across-
shelf tJ.Y shelf tJ.X 
Pair (km) Pair (km) 
E4-N4 372.5 Coast-E4 23.7 
E4-C4 400.3 N1B-N2 1.7 
E4-S4 442.9 N1B-N4 11.7 
E4-B4 555.9 N2-N4 10.2 
E4-A4 900.6 C1-C2 1.1 
N4-C4 28.5 C1-C4 14.8 
N4-S4 70.1 C2-C4 13.9 
N4-B4 183.5 SO-S2 (Coast) 3.3 
N4-A4 528.2 SO-S4 (Coast) 24.3 
C4-S4 41.7 S2-S4 20.9 
C4-B4 153.8 Coast-B4 33.7 
C4-A4 500.4 Coast-A4 19.3 
S4-B4 118.6 
S4-A4 463.3 
B4-A4 339.1 
N2-C2 27.8 
N2-S2 77.2 
C2-S2 49.7 
N1-C1 28.4 
N1-SO 78.8 
C1-SO 50.4 
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Figure 12. A comparison of representative CODE-1 pressure gradient estimates. 
The central line (CPG) and southern line (SPG) cross-shelf gradient estimates are 
clearly more energetic than the 65 m (IPG) and the 130m (OPG) along-shelf grad-
ient estimates. 
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Figure 13a. The energy density spectra are shown for the cross-
shelf pressure gradient along the central line (CPG) and southern 
1 i ne ( SPG). 
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Figure 13b. The energy density spectra are shown for the along-
shelf pressure gradient along the 130m isobath (OPG) and 65 m 
isobath (IPG). 
APPENDIX A: 
A Sea-Floor Data Logger 
by 
Wendell Brown 
(Appeared in POL YMODE NEWS No. 15, 17 Sep-
tember 1976). 
Commercially available components have 
been combined to fabricate a compact, gen-
eral-purpose sea-floor data-logging instru-
ment at the University of New Hampshire. 
Complete with its own anchor, buoyancy, 
release and recovery gear, this 450-lb (in 
air) instrument package (Figure 3) is de-
signed to be deployed in depths of up to 
5000 m and for periods of up to one year. 
Originally, it was designed to measure and 
record bottom pressures on the continental 
shelf. Si nee bottom pressure fluctuations 
usually exhibit larger coherence length 
seal es than currents do, it was desirable 
to be able to deploy pressure instruments 
independently of the current meter array. 
Other important components of this 
system include a data-logging electronics 
canister, sensors, and an acoustic release 
canister, all of which are mounted on a 
lightweight aluminum frame. At the con-
clusion of an experiment, the main frame is 
released from its anchor on the sea floor 
with an acoustic command or with a preset 
timer and exploding bolt mechanism and 
rises to the surface. 
In its present configuration, a Di gi-
quartz depth sensor (Paroscientific, Inc.) 
and a thermistor (Sea Data Corporation) have 
been used in conjunction with the data-log-
ging electronics (also from Sea Data Corp-
oration). In this case, the FM output of 
these sensors is averaged (counted) over 
the sample interval and recorded on a digi-
tal cassette tape recorder. Because of this 
serial data-logging scheme, a variable num-
ber of channels (up to nine) can be strung 
together in order to satisfy the changing 
requirements of different experiments. This 
system is limited by the maximum stepping 
rate of the tape recorder (100 steps/sec) 
and the total capacity of about 14 x 106 
data bits for a 450-foot tape. The batter-
ies for both sensor and electronics power 
are mounted on the lower half of the elec-
tronic frame. Rechargeable Gell Cell and 
mercury cell batteries have been used suc-
cessfully in this configuration. For pur-
poses of counter checkout, a Sea Data "bit 
box" is used to scan out the contents of 
the data counters. Certain qualitative 
checks of a data tape can be made at sea 
with a~ inexpensive stereo playback machine 
and oscilloscope. A quantitative check of 
the recorded tape is possible at sea or in 
the 1 a b with the compact, but more expen-
sive, Sea Data cassette tape reader. 
The 4600 Digiquartz depth sensor is an 
absolute pressure device which is a self-
contained version of the Digiquartz pres-
sure transducer. Preliminary results of~­
situ estimates of instrumental noise indi-
cate that the manufacturer's claims of a 
drift rate of about 1 millibar (1 em of 
water) per month for the 600 m sensor may 
be reasonable. The principal purpose of 
the thenni stor temperature is to correct 
for the temperature sensitivity of the 
pressure measurement, if required. For 
expected temperature fluctuations on the 
shelf, the precision of a thermistor meas-
urement is adequate. For greater precision 
requirements, a quartz crystal thermometer 
(also available from Sea Data) could be 
substituted. In contrast to the FM Di gi-
quartz sensor, the thermistor analog voltage 
is converted to an FM output before it, too, 
is counted. 
The Sonatek, Inc. acoustic release is 
a relatively lightweight unit (55 lb in air 
and 27 lb in water), which employs a burn-
wire technique for releasing an anchor load. 
When the release command is received from 
the sea surface, a stainless steel wire, 
which is coupled to the anchor through a 
mechanical linkage, is caused to electro-
plate away by the current from the pi nger 
batteries. A confinnation code is trans-
mitted simultaneously to the surface. This 
unit is also provided with a transposed 
feature which is used to detenni ne slant 
range from a surface ship to the instrument. 
A preset time and exploding bolt mechanism 
serves as a backup to the acoustics for 
releasing the anchor. 
Two 17-inch glass spheres (Benthos) 
provide the buoyancy (112 1 b net) which is 
required to float the instrument package to 
the surface once the anchor has been re-
1 eased. Once on the surface, an Ocean Ap-
plied Research citizen band transmitter and 
flashing light are used to aid in the recov-
ery of the instrument package. 
APPENDIX B: 
UNH Pressure Sensor Cali brat ion 
Considerations 
Over the past seven years we have cal-
ibrated our pressure sensors (up to 15 
sensors) before and after each deployment, 
for a total of five calibrations to date. 
Our procedure is to calibrate all sensors 
simultaneously attached to a single pres-
sure manifold, in a temperature-controlled 
bath. Pressure is applied to all sensors 
simultaneously with an Ashcroft dead weight 
tester in 50 PSI increments from 0 to 400 
PSIR and then corrected to absolute pres-
sure with the addition of local atmospheric 
pressure. The calibration data for each 
sensor is fit to the functional fonn 
P(PSIA) = A(1-f/f ) + 8(1-f/f )2 0 0 (1) 
where A, B, and f 0 are temperature sensitive 
coefficients and f is the measured output 
frequency. Calibrations are perfonned at a 
minimum of five temperatures evenly spaced 
between 0 and 25°C. The three constants 
derived from the calibration fit at each 
temperature are plotted as a function of 
temperature to determine the temperature 
sensitivity of each. During the reduction 
of raw data from an experiment, the meas-
ured temperature is used to compute the 
.. instantaneous .. values of the calibration 
coefficients A, B and f 
0 
before computing 
the pressure itself. 
Our history of calibration shows that, 
over our calibration temperature range 
(0 ~ T(oC) ~ 25) and within the accuracy of 
the dead weight tester, the coefficients A 
and f 0 are linear functions of tempera-
ture and the coefficient B is nearly i nde-
pendent of temperature. Thus, we are just-
ified in expressing the coefficients as 
f 0 = C3 + yT; A = C1 + aT; and B = C2 ( 2) 
\'/here Tis temperature. For a typical 400 
psi sensor (S/N 7512), 
f0 = 41,057.086 + 0.142 T; A = 4535.9911 
(3) 
- 0.0357 T; and B = 2214.6. 
For this sensor at 200 psi and lQ°C, f = 
39,200 Hz and (3) becomes, 
- 1 <<; 
f
0 
= 41,058.506 Hz; A= 4535.634 psia; 
(4) 
and 
80 = 2216.4 psia 
At a specified frequency, the temperature 
sensitivity of the pressure relationship in 
(1) is 
PTS = ~ = aA(l - L) _ ~(1 _ L)2 
aT f aT f aT f 
Substituting (2) into {5) results in 
PTS = ~ = 
a1 f 
f 
aCl - r} 
0 {a} 
Which for the conditions specified in (4) 
gives 
136 
(5) 
{6) 
PTS = -1.62 x 10-3 + 1.50 x 10-2 
7 0-2 ·;0 8 /0 = 1.2 x 1 ps1 C = 0. 8 mb C. 
Note that the principal contribution to PTS 
is from the term {b) which represents the 
temperature sensitivity of f 0 • Thus 
there are uncertainties in the pressure 
determination which are directly related to 
our uncertainty in determining the tempera-
ture sensitivity of the pressure calibration 
coefficients. The temperature sensitivity 
uncertainty of the pressure calibration, 
EPTS' is related to the uncertainties 
in estimating the temperature-dependent 
coefficients as follows 
(7) 
+ ( aPTS )2 + ( aPTS )2]1/2 
ar Er aC2 €C2 • 
Computing the gradient terms in {7) using 
( 6) and then substituting the results of 
(3) and (4) gives 
aPTS 
ar-= a o 
aPTS 
---:;;1\ = 
aPTS 
--= a a 
aPTS 
ay = 
aPTS 
ac-2 = 
f 
a-+ 
f 2 
0 
f f 2 2y(2 x C2-A)f3 -6 x C2 y 7 
0 0 
f 3.30 x 10-6 psi/°C/psia y- = f 2 
0 
1 f 4.53 X 10-2 psi/°C/psia/°C = 
f 
0 
(8) 
(f }2 [A + 2 X 1 1 C2(r- T)J ~ T 0 
= 
= -2.99 x 10-7 psi/°C/psia 
The uncertainties in computing the tempera-
ture sensitivity of the coefficients are es-
timated from the plots regressing each pres-
sure calibration coefficient against temp-
erature. For a typical sensor (S/N 7512}, 
the uncertainties are 
e:f < ± 1 Hz; 
0 
e:A < ± 0.1 psia; 
e:c 2 < ± 8 psia. 
( 9) 
Evaluating (7) for the uncertainties given 
in (9) and the sensitivities in (8) gives 
[( -6 2 -6 2 e:PTS = * 1.8x10 ) + (2.0x10 ) 
(10) 
This means that the standard de vi ati on of 
the pressure uncertainty, e:PTS' due to 
temperature variability with a standard 
deviation of loC (typical of the shelf) is 
± 3. 3 x 10-3 psi or about ± 2 equivalent 
mm of sea water elevation. A similar comp-
utation for one of our older, more tempera-
ture-sensitive Paroscientific 900 psi sens-
ors yields an uncertainty 2.5 times larger, 
which represents a worst case temperature 
uncertainty for our sensors. Clearly from 
(10), the largest terms (and only signifi-
cant terms) are due to the uncertainties in 
estimating the slopes of f 
0 
and A. Both 
of the uncertainties computed above assume 
the best linear temperature corrections have 
been made to the data. Additional use of 
the information from all the calibrations 
of each sensor helps to reduce the uncer-
tainty due to temperature sensi ti vi ty ef-
fects on the pressure measurement to less 
than 1 equivalent em of water. 
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CODE-1: 
LARGE-SCALE WIND AND SEA LEVEL OBSERVATIONS 
By 
G. R. Halliwell, Jr. 
J. S. Allen 
School of OceanographY 
Oregon State University 
Corvallis, Oregon 97331 

A. INTRODUCTION 
The purpose of the large-scale component 
of CODE is to study the large-scale response 
of shelf circulation to atmospheric forcing. 
Using sea level as an indicator of the re-
sponse, models of wind-driven shelf circu-
lation can be tested, and currents measured 
at the CODE site can be related to non-local 
atmospheric forcing and the propagation of 
free coastal-trapped waves into the site. 
This effort requires good wind and sea level 
data to be collected for a sufficiently 
large alongshore domain containing the CODE 
site. Atmospheric pressure must also be 
collected to barometrically adjust sea lev-
el. To properly assess non-local forcing 
of shelf currents at the CODE site, the 
large-scale analysis domain extends equator-
ward to northern Baja California, more than 
1000 km from the site. In order to resolve 
long shelf waves, the domain extends pole-
ward to the Alaskan border, about 1800 km 
poleward of the CODE site. 
Most of the data set will span the per-
iod 1 December 1980 through 30 November 
1982, but part of the set will extend from 
1 Apri 1 1980 through March or April 1983 
when the final long-term current meters are 
retrieved. Only data from the four-month 
subset of 1 April through 31 July 1981 will 
be presented in this report for comparison 
to the other CODE-1 data sets. 
To properly assess the response of sea 
level and currents to wind forcing, the best 
possible sets of winds must be obtained. 
There are four wind sets which can be used 
in the present study: measured winds and 
three analyzed wind fields. These analyzed 
fields are: (1) Bakun winds from Fleet Nu-
meri ca 1 Oceanography Center ( FNOC), Bakun 
(1973); (2) Marine winds from FNOC, Caton, 
et al. (1978); and (3) Six-hour forecast 
winds from the National Weather Service Lim-
ited Fine Mesh II (LFM-II) model, Newell and 
Deaven (1980) and Gerrity (1977). (Differ-
ent boundary 1 ayer corrections are applied 
to the Bakun and marine winds at FNOC. ) 
Ideally, measured winds should be used. A 
1 arge number of wind measurement stations 
exist along the West Coast of the U.S.; how-
ever, topographic influences and data gaps 
are problems at many of them. It is there-
fore necessary to consider using analyzed 
wind fields. These analyzed fields are pres-
ent 1 y being compared to measured winds to 
determine if they adequately represent the 
1 arge-sca 1 e atmospheric forcing a 1 ong the 
West Coast. Measured winds are emphasized 
in this report. Some Bakun wind time series 
are a 1 so shown for comparison to the meas-
ured winds. 
This report is organized as follows: The 
stations and variables in the data base are 
described in Section B.1, and the editing 
and processing are presented in Section B.2, 
the wind data is in Section C, and adjusted 
sea level statistics and plots are presen-
ted in Section D. Alongshore-time contour 
plots of Bakun alongshore wind stress and 
adjusted sea 1 eve 1 are presented in Sec-
tion E to illustrate the sea level response 
to stress. 
B. THE LARGE-SCALE DATA BASE FOR THE CODE-1 
EXPERIMENT 
B.1 Description of the Data Base 
Information on measured wind stations 
is summarized in Table 1. Only the measure-
ment stations with data available during the 
CODE-1 experiment are included. The loca-
tions of these stations are shown in Fig-
ure 1. Information on the CODE analysis 
grid is presented in Table 2. Time series 
from the analyzed wind fields were obtained 
at these points. The locations of these 
1 d 1 
TABLE 1: Meteorological Station Information 
Alongshore ( 1) Anemometer Coast Period 
Abbrev- Latitude Longitude Atmospheric Position Elevation Height Orientation of 
Station iation ( Deg Min) (Deg Min) Pressure (km) (m) (m) (Deg) Record 
Cape St. James, BC CSJ 5l 0 57 1 N 13l 0 05 1 W No 1800 6.1 138 12/80-Present 
Cape Flattery, WA CPF 48°23 1 N 124°44 1 W No 1104 6.1 120 12/80-Present 
Neah Bay, WA NBA 48°22 1 N 124°35 1 W No 1101 15 6.1 120 12/80-Present 
Qui 11 ayute, WA QUI 47° 57 1 N 124 °32 1 w Yes 1055 56 6.7 110 12/80-Present 
Destruction Island, WA DST 47°40 1 N 124°291 W No 1022 21 6.1 110 12/80-Present 
Hoquiam, WA HOQ 46°58 1N 123° 56 1 w Yes 942 8 6.1 95 12/80-Present 
Ocean Shores, WA OSH 46°57 1 N 124°061 W No 939 3 8.8 95 04/80-Present 
Grays Harbor, WA GRH 46°55 1N 124 °06 1 w No 936 5 6.1 95 12/80-Present 
Cape Disappointment, WA CPO 46°l7 1 N 124°03 1 W No 865 55 6.1 90 12/80-Present 
Columbia River LNB CLR 46° l1 1 N 124° u~w Yes 854 0 10.0 90 12/80-Present 
Astoria, OR AST 46°09 1 N 123°53 1 W Yes 850 3 6.1 90 12/80-Present 
Tillamook Bay, OR TIL 45°34 1 N 123° 48 1 w No 786 3 6.1 82 04/80-Present 
Newport, OR NEW 44°38 1 N 124°03 1 W Yes 683 55 6.1 90 12/80-Present 
Siuslaw River, OR SIU 44°00 1N 124°07 1 W No 612 15 6.1 81 12/80-Present 
North Bend, OR NOB 43°25 1 N 124°15 1 W Yes 547 5 6.1 73 12/80-Present 
Five Mile Point, OR FMP 43°14 1 N 124°23 1 W No 525 10.0 73 04/81-Present 
Five Mile Point, OR FMP 43°l4 1 N 124°23 1 W No 525 20.0 73 04/81-Present 
Five Mile Point, OR FMP 43°l4 1 N 124°23 1 W No 525 40.0 73 04/81-Present 
Cape Blanco Tower, OR CBT 42°50 1 N 124°32 1 W No 480 9.1 90 12/80-10/81 
Cape Blanco Tower, OR CBT 42° 50 IN 124°32 1W No 480 30.0 90 12/80-10/81 
Cape Blanco Tower, OR CBT 42°50 IN 124°32 1 W No 480 45.7 90 12/80-10/81 
Cape Blanco Tower, OR CBT 42°50 1 N 124°34 1W No 480 55 6.1 90 04/80-Present 
Crescent City, CA CCY 42°47 1 N 124°l4 1 W Yes 362 17 6.1 103 12/80-Present 
Arcata, CA ARC 40° 59 1 N 124°06 1 W Yes 270 70 6.1 75 12/80-Present 
Humboldt Bay, CA HUM 40°46 1 N 124°l4 1 W No 246 3 6.1 75 12/80-Present 
Point Cabrillo, CA PCB 39°22 1 N 123°49 1 W No 87 6.1 90 12/80-Present 
NDBO 46014 014 39°13 1 N 123°581 W Yes 71 0 10.0 100 04/81-Present 
Point Arena Light, CA ARL 38° 57 1 t~ 123° 44 1 w No 41 19 6.1 110 12/80-Present 
Point Arena Tower, CA ART 38°55 1 N 123°43 1 W No 37 9.1 110 04/81-07/81 
Point Arena Tower; CA ART 38°55 1 N 123°43 1W No 37 45.7 110 04/81-07/81 
14? 
TABLE 1: Meteorological Station Information (Continued) 
2 
Alongshore ( 1) Anemometer Coast Period 
Abbrev- Latitude Longitude Atmospheric Position Elevation Height Orientation of 
Station i ati on (Deg Min) (Deg Min) Pressure (km) (m) (m) (De g) Record 
Sea Ranchs CA (Cent. Line) CLI 38°41 1N 123°26 1 W No 0 10.0 133 03/11/81-08/11/81 
C3 C3 38°36 1 N 123°28 1 W No 0 0 3.5 133 04/12/81-07/81 
C5 C5 38°31 1 N 123° 40 I W No 0 0 3.5 133 04/13/81-08/03/81 
R3 R3 38°22 1 N 123°13 1 W No -35 0 3.5 133 04/13/81-08/03/81 
Bodega Marine Lab, CA BML 38°20 IN 123°04 1 W No -46 10.0 133 04/80-Present 
NDBO 46013 013 38°14 1 N 123°18 1 W Yes -61 0 10.0 133 04/81-Present 
Pillar Points CA PIL 37°30 1 N 122°30 I w No -156 40 15.2 105 04/81-Present 
NDBO 46012 012 37°22 1 N 122°39 1 W Yes -171 0 5.0 105 12/80-Present 
Pigeon Points CA PIG 37° 11 1 N 122°24 1 W No -191 9 6.1 102 12/80-Present 
Point Pinoss CA PIN 36°38 1 N 121°56 1 W No -271 6 6.1 110 12/80-Present 
f~o nterey s CA MRY 36°35 1N 121°51 1 W Yes -278 50 6.1 110 12/80-Present 
Poi n t Su r s CA SUR 36°18 1 N 121°53 1 W No -301 15 6.1 115 12/80-Present 
Morro Bays CA MOR 35°22 1 N 120°48 1 W No -455 18 4.0 130 04/81-07/81 
Diablo Canyons CA DIA 35°14 1 N 120°50 1 W No -464 2 9.1 120 04/80-Present 
Diablo Canyons CA DIA 35°14 1 N 120°50 1 W No -464 2 76.2 120 04/80-Present 
NDBO 4yop 011 34°53 1 N 120°52 1 W Yes -506 0 10.0 90 12/80-Present 
VWT102 4 (Purisma Point) V102 34°48'N 120°38 1 W No -524 3.7 90 04/81-07/81 
VWT102 ( Pu ri sma Poi n t) V102 34°48'N 120°38'W No -524 16.5 90 04/81-07/81 
VWT102 (Puri sma Point) V102 34°48'N 120° 38 1 w No -524 31.1 90 04/81-07/81 
VWT301 V301 34°37'N 120°36'W No -540 3.7 90 04/81-07/81 
VWT301 V301 34o37'N 120°36 1 w No -540 16.5 90 04/81-07/81 
VWT301 V301 34°37'N 120°36'W No -540 31.1 90 04/81-07/81 
VWT302 (Point Arguello) V302 34°34 1N 120°38 1 W No -545 3.7 90 04/81-07/81 
VWT302 (Point Argue 11 o) V302 34°34 1 N 120°38'W No -545 16.5 90 04/81-07/81 
VWT302 (Point Arguello) V302 34°34 1 N 120o38 1W No -545 31.1 90 04/81-07/81 
VWT103 V103 34°33 1 N 120°35 1 W No -548 3.7 90 04/81-07/81 
VWT103 V103 34°33 1 N 120°35 1W No -548 16.5 90 04/81-07/81 
VWT103 V103 34°33 1 N 120°35'W No -548 31.1 90 04/81-07/81 
Santa Barbara, CA SBA 34° 26' N 119°00 ~w Yes -623 4 6.1 175 12/80-Present 
Point Mugu, CA MUG 34°07' N l19°07 1 W Yes -678 3 4.0 155 12/80-Present 
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TABLE 1: Meteorological Station Information (Continued) 
Alongshore (1) Anemometer 
Abbrev- Latitude Longitude Atmospheric Position Elevation Height 
Station i ati on ( Deg Min) (Deg Min) Pressure (km) (m) (m) 
San Nicholas Island, CA SNI 33°15'N 119°27'W Yes -685 173 3.0 
Los Angeles, CA LOS 33°56'N 118°24' w Yes -757 34 9.1 
Long Beach, CA LBC 33°49'N 118°09 1 w Yes -785 21 6.1 
San Clemente Island, CA SCI 33°01'N 118°35 1 w Yes -825 52 7.9 
San Diego, CA SDO 32°44'N 117°10 I W Yes -936 10 6.1 
Imperial Beach, CA IMP 32°34'N 117°07' w Yes -954 6 6.1 
Notes: 
(1) The elevation is unknown for many stations. 
(2) Positive angles are measured counter-clockwise from due east. 
(3) 11 Present11 indicates that data will be collected at least through 11/82 unless the station is shut down. 
(4) VWT stands for Vandenberg AFB WINDS Tower. 
2 
Coast Period 
Orientation of 
(Deg) Record 
155 12/80-Present 
150 12/80-Present 
150 12/80-Present 
130 12/80-Present 
105 12/80-Present 
105 12/80-Present 
TABLE 2: CODE Grid for Analyzed Meteorologi-
WIND STATIONS cal Fields and Interpolated Sea Level Data 
55° CoastO) 
Alongshore Orien-
Grid Latitude Longitude Position tati on 
Point (De~ t~i n) (De~ Min) ( km) (de~) 
1 31°27 1 N l16°44 1 W -1000 110 
2 33°00 IN l17°21 1 W 
-900 110 
3 34°01 1 N l18°53 1 W -7 (JJ 150 
4 34°35 1 N 1'2JJO 39 1 w 
-540 90 
50° 5 35°39 1 N 121 °31 1 W -360 128 
6 37o18 1 N 122°24 1 W -180 102 
7 38° 42 1 N 123°27 1 W 0 133 
8 40°12 1 N 124°18 1 W 100 1~ 
9 41°46 1 N 124°12 1 W 360 130 
10 43°21 1 N 124°'2JJ 1 W 540 73 
11 44°58 1 N 124°03 1 W 720 85 
12 46°36 1 N 124°05 1 W 900 95 
45° 13 48°11 1 N 124°42 1 W 1000 120 
14 49°23 1 N 126°06 1 w 1260 128 
15 50°32 1 N 121°13 1 W 1440 100 
16 52°10 1 N 128°19 1 W 16'lJJ 115 
17 54 °09 1 N 130°a:l 1 W 1000 (2)1'2JJ 
18 30° 46 1 N 118°21 1 w 
19 32°19 1 N 119°08 1 w 
40° ID 32° 56 1 N 121°03 1 W 
21 33°40 1 N 122°22 1 W 
22 35°10 IN 123°21 1 W 
23 36°38 1 N 124°16 1 W 
24 38°058 125°23 1 w 
25 39°52 1 N 126°17 1 W 
26 41°46 1 N 126°29 1 W 35° 27 43°21 1 N 126°36 1 W 
Notes: 28 44°58
1 N 126°22 1 W 
29 46°36 1 N 126°24 1 W 
( 1) Positive angles are measured coun- ~ 48°07
1 N 127°00 I w 
31 26°07 IN 112°40 1 W 
-1000 1~ ter-cl ockwi se from due east o 32 27 ° (JJ IN 113° 52 1 w -16'2JJ 130 
135° 125° 115° (2) Coast orientations shown only 33 28°47
1 N l14°41 1 W 
-1440 130 
34 30 °00 IN l15°54 1 W -1260 115 for coasta 1 grid points o 
Figure 1 
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, 11 c: 
points are shown in Figure 2. The along-
shore separation of adjacent coastal grid 
points is 180 km, sufficient to resolve the 
smallest spatial scales in the LFM analyzed 
wind fields. Information on sea level 
stations is summarized in Table 3, and 
their locations are shown in Figure 3. 
Atmospheric pressure stations (Bakun and 
measured} used to adjust these sea 1 evel 
time series are also listed in Table 3. 
Alongshore position is determined as 
follows: The CODE central line is assigned 
a position of 0 km, with alongshore dis-
tances poleward of this line assigned posi-
tive values. 
8.2 Data Editing and Processing 
Assembling the CODE large-scale data 
base from many diverse sources ~equires 
considerable effort to edit and process the 
data. Characteristics of source meteoro-
logical data and analyzed meteorological 
fields are summarized in Table 4. (Impor-
tant abbreviations in this table are listed 
and explained at the bottom of the table.} 
Only pressure and winds are routinely pro-
cessed, except for Bakun wind stress curl 
plus air and sea surface temperatures at 
the NDBO buoys. 
The basic editorial procedure is as 
follows: 
1. Transcribe manuscript data or te 1 etype 
output onto computer coding forms, then 
keypunch. 
2. Read source magnetic tapes or computer 
cards into the computer. For a given 
time series, if no source data are 
available at a given time, the value of 
the cell of the one-dimensional array 
containing the time series in the core 
is filled with a missing data spacer (the number Io35). 
3. 
4. 
5. 
6. 
Convert source winds to u and v compon-
ents, if necessary. 
Convert all variables to common units 
(mb for pressure and m/s for wind). 
Check for physically unrealistic data 
values for each variable. If any exist, 
replace these values by a missing data 
spacer. 
Search for unusual data jumps or spikes 
by flagging all points in a time series 
that differ from either the point before 
or after it by more than three standard 
deviations of all first-differences. 
Determination of whether these data 
jumps are due to one or more bad data 
values is made by visual inspection of 
each flagged point with nearby points 
in the series. If a point is determined 
to be bad, it is replaced by a missing 
data spacer. 
CODE ANALYSIS GRID 
8 
7 SAN 
FRANCISCO 
6 
5 
Figure 2 
TABLE 3: Coastal Sea Level Station Information 
(1) Atmospheric SEA LEVEL STATIONS 
Pressure 
Station 
Alongshore Period Used to 
Abbrevi- Latitude Longitude Position of Barometric- 55° 
Station at ion (Deg Min) (Deg Min) (km) Record ally Adjust 
Prince Rupert, BC PRR 54o19 1 N 130°20 1W 1883 12/80- Present ( 2) CG17 
Bella Bella, BC BBL 52°10 IN 128°08 1W 1608 12/80-Present CG16 50° Zebel os, BC ZBL 50°01 1 N 126°47 1W 1349 12/80-Present CG14 
Tofino, BC TOF 49°09 1 N 125°55 1W 1232 12/80-Present CG14 
Bamfiel d, BC BAM 48°49 1 N 125°06 1W 1164 12/80- Present CG14 
Port Renfrew, BC REN 48°33 1 N 124°24 1 W 1110 12/80-Present QUI 
Neah Bay, WA NBA 48o22 1 N 124°37 1W 1100 12/80- Present QUI 
Toke Point, WA TKP 46°42 1N 123°58 1W 911 12/80-Present HOQ 45° Astoria, OR AST 46°10 1 N 123°46 1W 852 12/80-Present AST 
South Beach, OR SBC 44°38 1 N 124°03 1W 683 12/80-Present NEW 
Charleston, OR CHR 43°20 1 N 124°19 1W 538 12/80- Present NOB 
Crescent City, CA CCV 41°45 1 N 124 °1l 1W 359 12/80-Present CCV 
Trinidad Head, CA TRH 41°03 1 N 124 °09 1 w 277 12/80- Present ARC 
40° North Spit, CA NSP 40°45 1 N 124°14 1 W 244 12/80-Present ARC 
Arena Cove, CA ARC 38°55 1 N 123°43 1 W 37 12/80- Present CG7 
Point Reyes, CA PRY 38°00 1 N 122°58 1W -76 12/80-Present 46012 SAN FRANCISCO 
San Francisco, CA SFO 37°48 1 N 122°281 W -126 12/80- Present 46012 
Monterey, CA MRY 36°36 1 N 121°53 1W -276 12/80-Present MRY 35° Port San Luis, CA PSL 35o10 1 N 120°45 1 W -473 12/80- Present 46011 
Rincon Island, CA RIS 34°21 1 N 119°27 1 w -650 12/80-Present SBA 
Santa Monica, CA SMA 34°01 1 N 118°27 1W -739 12/80- Present LOS 
Los Angeles, CA LOS 33°43 1 N l18°16 1 W -780 12/80-Present LBC 
La Jolla, CA LAJ 32°55 1 N 117°51 1 W -920 12/80- Present SDO 
San Diego, CA SDO 32° 45 1 N l17°10 1W -938 12/80-Present SDO 
Notes: 
( 1) Bakun pressure was used at the CODE analysis grid points. 135° 125° 115° (2) 11 Present11 indicates that data will be collected at least through 11/82 unless the 
station is shut down. 
Figure 3 
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TABLE 4: Meteorological Data Source Information 
Sampling Times Source Units Other 
Source Stations and Time Zone Source Format Pressure Winds Variables Received 
1. University of Wis- QUI ll't=1 hr( 1) Gr4T card-image altimeter speed - knots air temperature (1) magnetic tape setting direction-degree relative humidity consin SSEC Mcidas HOQ llt=1 hr(l) 
surface obs. AST llt=1 hr(l) clockwise from N precipitation 
NOB ll t=1 hr (1 )( 2) 
visibility 
CCV llt=1 hr(l) 
ARC llt=1 hr(l) 
MRY llt=1 hr(l) 
SBA ll't=1 hr(l) 
MUG ll t=1 hr ( )( ) 
SNI [16] ll't=1 hr(~) 3 
LOS llt=1 hr(l) 
LBC ll't=1 hr(l) 
SCI llt=1 hr( 1) SDO ll t=1 hr ( )( ) 
IMP [16] ll't=1 hr 1 4 
2. NDBO buoy data CLR ll't=1 hr( 1)( 5) GMT card-image magnetic mb speed - m/s air temperature 
sent by NCC 011 ll't=1 hr(l) tape in NDBO format direction-degree dew point, weather ( 1) 012 llt=1 hr(l) containing data from clockwise from N vi s i bi 1 i ty, sea 
013 llt=1 hrc 1) all buoys worldwide surface temperature 014 ll't=1 hr wave statistics 
3. OSU Atmospheric FMP ll't=1 (1)(5) PST card image disk file (none) speed - knots (none) hru > (5) Science Dept. CBL ll t=1 hr direction-degree 
clockwise from N 
4. Marine circuit re- CPF (1)(5) teletype output (none} speed - knots ( ) wave height(7} llt=3 hr( 1)( 3)( 5)GMT ports north region NBA [6] llt=3 hr( 1}( 5} (coded and direction - 16 pt.
6 air temperature 
(NWS SOSU, Seattle} DST ll t=3 hr (1 )( 5) keypunched) GRH ll t=3 h r ( 1 }( 3 )( 5) CPO [5] ll t=3 h r (1 }( 3 )( 5 ) SIU [6] llt=3 hr 
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TABLE 4: Meteoro 1 ogi cal Data Source Information (Continued) 
Sampling Times Source Units Other 
Source Stations and Time Zone Source Fonnat Pressure Winds Variables Received 
5. Ma ri ne c i rc u i t ARL t.t=1 (1) (5) GMT teletype out- (none) speed - knots ( ) (none) hr(1)(5) 
reports-south PIG t.t=1 hr(1)( 5) put (coded and direction - 16 pt 
6 
region (NWS WSFO SUR t. t=1 hr keypunched) 
Redwood City) 
6. Meteoro 1 ogi ca 1 TIL [5] t.t=3 hr( 1)( 3)( 5)PST marine coastal (not speed - knots (6) sky condition data 1 ogs from HUM t.t=3 hr (1) weather 1 og digitized) direction - 16 pt. visibility NCC PCB 07, 10, 13, 16,19 (coded and sea state 
PIL t.t=3 hr(S)(S) keypunched) air temperature 
PIN t. t=3 hr 
7. Batelle NW Labs CBT t.t=1 hr(1)(5) PST card-image (none) speed - m/s (none) 
wind tower data. ART t.t=1 hr(1)(5) magnetic tape direction-degree 
clockwise from N 
8. OSU OceanographY NEW t. t=1 hr GMT card-image mb u,v - m/s (none) 
magnetic tape 
9. Pacific Gas and DIA t.t=1 hr( 1)(S)PST card-image (none) speed - mph dew point 
Electric magnetic tape direction-degree air temperature 
clockwise from N vi si bil i ty 
10. Vandenberg WINDS V102 t.t=30 min( 5) GMT card-image (none) speed - knots air temperature 
anemometer tower V301 magnetic tape direction-degree 
data V302 containing data clockwise from N 
V103 from 23 towers 
11. Scripps Institution Bf.t.. t. t=l hr PST card-image (none) speed - cm/s (none) 
of OceanographY magnetic tape direction-degree 
clockwise from N 
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TABLE 4: ~1eteorological Data Source Information (Continued) 
Samp 1 i ng Times Source Units Other 
Source Stations and Tim~ Zone Source Format Pressure Winds Variables Received 
12. WHOI CODE CLI 11 t=1 hr GMT card-image (none) speed - m/s (none) 
anemometers C3 magnetic tape direction-degree 
C5 clockwise from N 
R3 
13. University of OSH 11 t=1 hr GMT card-image (none) speed - m/s (none) 
Washington magnetic tape direction-degree 
clockwise from N 
14. University of CSJ 11t=1 hr PST (none) 
British Columbia 
15. San Luis Obispo MOR 11t=1 hr PST hardcopy (none) speed - m/s (none) 
Air Pollution data fonns direction-degree 
Control District clockwise from N 
16. FNOC/Compass 35-pt. 11t=6 hr GMT card-image mb u(m/s) wind stress 
Systems, Inc. CODE magnetic tape v(m/s) divergence, 
Bakun Data Grid wind stress curl 
Ekman transport 
Sverdrup Transport 
17. NCAR LFM-II 35-pt. 11 t=12 hr GMT IBM fonnat mb u(m/s) (none) 
Meteorological CODE packed data on v(m/s) 
Fields Grid magnetic tape (6 hr. forecast) 
Notes: 
( 1) Occasional (< 20 percent) missing data reports. For the SSEC University of Wisconsin data set, most missing reports were due to down 
time of the MciDAS computers at Wisconsin used for real-time data collection. 
(2) After mid-July 1981, station did not record data at night. 
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TABLE 4: Meteorological Data Source Information (Continued} 
Notes (Continued}: 
(3} The station did not record data at night. The number of reports per day are given in brackets. 
(4} The station did not record data at night or on weekends. The number of reports per day during the week are given in brackets. 
(5) Long data gaps (> 1 day) occurred occasionally. 
(6) N, NNE, NE, etc. 
(7) Not at all stations. 
(8) Frequent (> 20 percent) missing data reports. 
(9) The direction toward which wind is blowing. 
Important Abbreviations 
FNOC 
LFM-II 
~c 
NDBO 
NWS 
osu 
sosu 
SSEC 
w~o 
= 
= 
= 
= 
= 
= 
= 
= 
= 
Fleet Numerical OceanographY Center 
The Limited Fine Mesh-II numerical weather forecast model. 
National Climatic Center 
National Data Buoy Office 
National Weather Service 
Oregon State University 
Seattle Ocean Services Unit 
Space Science and Engineering Center, University of Wisconsin 
Weather Service Forecast Office 
7. All short data gaps(< 24 hrs in length) 
are filled using linear interpolation. 
The missing data spacers in these gaps 
are replaced by interpolated data. 
8. The time zone is adjusted to GMT where 
necessary. 
9. Wind speed is adjusted to an anemometer 
height of 10m assuming neutral stabil-
ity. The correction factor is a func-
tion of wind speed and anemometer height 
as contoured in Figure 4. 
10. All time series are converted to a com-
mon sampling rate of fit= 6 hr. Data 
with sampling rates of 12 hr are subsam-
pled and data with sampling rates of 
< 6 hr are averaged over 6-hr windows. 
11. Time series are plotted and checked. 
Additionally, measured sea level data 
gaps longer than 24 hr in length are patched 
by linear interpolation using the closest 
stations to the north and south as input, 
Table 5. Tests indicate that simple linear 
interpolation works as well as cubic spline 
interpolation as long as the poleward prop-
agation of sea level fluctuations is taken 
into account. For each interpolation, the 
time lag between the two input stations 
that maximizes the correlation coefficient 
is determined. These time series are then 
-(/) 
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-0 
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w 
a. 
en 
0 
z 
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Figure 4 
shifted in time relative to the interpola-
tion point based on the relative distances 
of the interpolation point from the input 
stations, such that the sum of these two 
shifts equals the time shift that maximizes 
the correlation, Table 5. For filling gaps, 
the interpol at ion is performed only for the 
time interval of the gap. The entire time 
interval is used when time series of sea 
1 evel are interpol a ted to the CODE analysis 
grid, Table 5. 
C. WI NO DATA 
C.1 Statistical Su11111ary of Measured 
Winds 
Measured wind statistics for all avail-
able stations between 1 April and 31 July 
1981 computed using 6-hr unfiltered data are 
su11111arized in Table 6. In addition to the 
basic statistics of the u and v components, 
principal axes and coastline orientations, 
plus standard deviations of the principal 
axes wind components, are included. A sum-
mary of data gaps is also presented. 
C.2 Plots of Measured and Bakun Winds 
Three sets of 40-hr low-passed wind 
plots are presented. Data are filtered with 
a symmetric Cosine-Lanczos filter, Mooers 
et al. (1968). First, vector plots of meas-
TABLE 5: Interpolation of ASL for Patching Gaps and Creating Time Series of 
ASL on the CODE Grid. 
Station 
Interpol a ted 
to 
NSP 
ZBL 
CG02 
CG03 
CG04 
CG05 
CG06 
CG07 
CG08 
CG09 
CGlO 
CGll 
CG12 
CG13 
CG14 
CG15 
CG16 
CG17 
Notes: 
Time 
Input Input Shift 
Station 1 Station 2 (hr) 
ARC TRH 18 
TOF BBL 6 
LAJ LOS 0 
LOS RIN 0 
RIN PSL 0 
PSL MRY 6 
MRY SFO 0 
PRY ARC 6 
ARC NSP 24 
CCV CHR 0 
CHR SBC 0 
SBC AST 6 
AST NBA 6 
AST NBA 12 
TOF ZBL 0 
ZBL BBL 6 
BBL PRR 6 
BBL PRR 6 
Time Interval 
06/26/1800 - 07/31/1800 
07/22/0600 - 07/Tl{1800 
12/80- Present 1 
12/80-Present 
12/80- Present 
12/80-Present 
12/80- Present 
12/80-Present 
12/80- Present 
12/80-Present 
12/80-Present 
12/80-Present 
12/80- Present 
12/80-Present 
12/80- Present 
12/80-Present 
12/80- Present 
12/80-Present 
(1) 11 Present 11 indicates that data will be interpolated at least through 11/82. 
lc::.., 
ured winds at 25 selected stations are pre-
sented in Figure 5. Second, major and minor 
axis plots of measured winds at the same 
stations are presented in Figure 6. (Refer 
to Table 6 for principal axis orientations.) 
Third, vector plots of Bakun winds at sel-
ected coasta 1 grid points are presented in 
Figure 7 for comparison to the measured 
winds. 
The selection of measured wind stations 
for these plots is based on two criteria: 
First, enough stations are selected to avoid 
large gaps in coverage along the shelf as 
much as possible, and second, in a segment 
of the shelf where more than one station is 
available, the better station (i.e., the 
best exposed, or least influenced by topog-
raphy) is selected. For Bakun winds, every 
other coastal grid point is adequate to plot 
due to high coherence at separation scales 
less than a few hundred kilometers. 
The plotted time series begin at 1200 
on 3 April and end at 0600 on 29 July since 
the low-pass filter requires 2.5 days to be 
discarded at each end. This also increases 
the length of each internal data gap by five 
days, so the gaps in these plots are longer 
than indicated in Table 6. 
TABLE 6: Measured Winds 
Coast( 1} Principal(!} Principal Alongshore Data GaE Sununa ry Percent Axes Wind u,v Basic Statistics (m/s} 
Position Orien- Good Axes Std Dev (m/s} Compon- Std 
Station (km} tat ion Number Start Time End Time Data Major Minor Major Minor ents Mean Dev Max Min 
Cape St. James 1800 138 None 100 136 46 7.48 3.53 u 2.71 5.92 18.1 -17.4 
v 0.34 5.78 18.4 -12.1 
Cape Flattery 1104 120 1 05/24/0600 05/27/1800 70 83 -7 3.38 2.31 u 0.94 3.37 14.1 -8.4 
2 06/14/0600 06/16/0000 v 1.89 2.33 8.6 -3.1 
3 07/01/0000 07/31/1800 
Neah Bay 1101 120 None 100 179 89 2.93 1. 74 u 2. 01 2.93 13.5 -6.0 
v 0.11 1. 74 5.3 -6.2 
Quill ayute 1055 110 None 100 120 30 1. 76 1.38 u 0.99 1.49 6.7 -3.0 
v 0.80 1.68 6.0 -3.3 
Destruction Island 1022 110 1 05/24/0600 05/27/1800 72 144 54 3.47 2.03 u 0.62 3.05 8.9 -10.4 
2 07/01/0000 07/31/1800 v 0.13 2.62 8.8 -8.2 
Hoquiam 942 95 None 100 149 59 3.10 1.98 u 2.36 2.86 9.1 -6.2 
v -0.51 2.33 6.7 -6.8 
Ocean Shores 939 95 1 07/08/1200 07/31/1800 81 155 65 2. 79 2.02 u 1.89 2.68 10.6 -4.9 
v 0.34 2.17 8.4 -5.4 
Grays Harbor 936 95 None 100 96 6 3.77 2.68 u 2.39 2.70 10.0 -7.9 
v -0.78 3.76 12.4 -10.1 
Cape Disappointment 865 90 None 100 99 9 4.50 2.76 u 2.13 2.82 13.5 -10.6 
v 0.55 4.47 15.3 -8.2 
Columbia River LNB 854 90 1 04/01/0000 06/10/1800 31 I.D. I.D. (Insufficient Data} 
2 07/19/0000 07/31/1800 
As tori a 850 90 None 100 141 51 2.78 2.19 u 1.88 2.56 8.8 -4.3 
v 1.02 2.45 9.1 -6.2 
Ti 11 amoo k Bay 786 84 1 07/01/0600 07/31/1800 75 97 7 4.91 2.59 u 0.95 2.64 8.3 -7.0 
v 0.14 4.89 12.6 -15.3 
Newport 683 82 None 100 49 -41 3.59 1.71 u 0.70 2.68 10.7 -5.3 
v -1.18 2.95 7.1 -10.4 
Suislaw River 612 81 1 07/01/0600 07/31/1800 75 93 3 5.00 2.20 u 1.44 2.22 8.4 -5.4 
v -1.06 5.00 15.9 -15.9 
North Bend 547 73 None 100 106 16 3.56 1.59 u 1.30 1.87 7.9 -2.9 
v -1.96 3.83 7.6 -13.0 
Five Mile Point 525 73 1 04/01/0000 04/17/0000 73 81 -9 4.74 1.58 u 0.23 1. 72 8.5 -4.3 
2 04/23/1800 04/30/1200 v -3.12 4.70 12.0 -14.3 
3 07/03/0000 07/13/0000 
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TABLE 6: f4easured Winds (Continued) 
Alongshore Coast( 1) Pri nc i pa 1 (1) 
Principal 
Data Gae Summart Percent Axes Wind u,v Basic Statistics (m/s) 
Position Orien- Good Axes Std Dev (m/s) Compon- Std 
Station (km) tat ion Number Start Time End Time Data Major Minor Major Minor ents Mean Dev Max Min 
Cape Blanco Tower 480 90 1 04/09/1800 04/22/1800 89 89 -1 4.21 1.08 u -0.34 1.09 3.3 -2.8 
v -2.94 4.21 12.4 -11.7 
Cape Blanco 480 90 1 04/11/1800 04/15/1800 85 82 -8 5.92 1.44 u -0.73 1.67 6.7 -4.7 
2 07/07/0600 07/20/1800 v -3.00 5.86 19.4 -11.9 
Crescent City 362 103 None 100 103 13 3.97 1.05 u 0.98 1.36 5.9 -2.9 
v -2.08 3.89 6.9 -15.0 
Arcata 270 75 None 100 106 16 2.92 1.29 u 0.80 1.47 5.3 -3.7 
v -2.00 2.83 4.7 -10.3 
Humboldt Bay 246 75 None 100 96 6 3.99 1.84 u 1.16 1.88 6.0 -4.7 
v -2.81 3.97 7.2 -1A.2 
Point cabri 11 o 87 90 1 06/04/0600 06/07/0000 96 121 31 2.97 1.43 u 1.27 1.96 10.0 -3.3 
2 07/16/0000 07/18/0000 v -2.19 2.66 6.1 -12.7 
NDBO 46014 71 100 None 100 118 28 4.26 1.03 u 3.36 2.20 9.4 -3.0 
v -6.29 3.79 5.8 -14.1 
Point Arena Light 41 110 None 100 95 5 3.53 1.82 u 0.34 1.84 8.6 -6.9 
v -5.12 3.52 10.2 -12.8 
Point Arena Tower 37 110 1 04/01/0000 05/01/0600 46 115 25 3.38 0.82 u 2.54 1.62 6.2 -2.8 
2 05/11/1800 05/15/0000 v -5.73 3.08 6.8 -10.2 
3 06/16/0000 07/02/0000 
07/16/0600 07/31/1800 
Sea Ranch 0 133 None 100 127 37 5.37 2.15 u 2.90 3.68 16.9 -2.1 
v -4.42 4.46 9.1 -14.1 
C3 0 133 1 04/01/0000 04/12/0600 91 136 46 4.92 0.95 u 5.59 3.62 12.3 -3.4 
v -5.40 3.48 5.0 -10.8 
C5 0 133 1 04/01/0000 04/12/0600 91 119 29 4.05 0.90 u 4.52 2.10 7.5 -4.0 
v -7.51 3.59 4.1 -13.2 
R3 -35 133 1 04/01/0000 04/13/0600 90 144 54 4.52 0.81 u 5.49 3.68 11.6 -3.8 
v -3.72 2.76 3.0 -8.3 
Bodega Marine Lab -46 133 None 100 106 16 3.76 1.40 u 1.40 1.68 8.3 -3.3 
v -3.74 3.64 4.2 -14.5 
NDBO 46013 -61 133 None 100 143 53 4.46 1.21 u 7.23 3.59 14.6 -3.2 
v -4.96 2.92 5.0 -10.6 
Pi 11 a r Point -156 105 None 100 142 52 4.48 1.52 u 4.23 3.68 14.9 -7.2 
v -2.64 3.00 4.5 -15.0 
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TABLE 6: Measured Winds (Continued) 
Coast (1) Pri nc i pa 1 ( 1 ) Pri nci pa 1 Alongshore Data Ga E Summary Percent Axes Wind u,v Basic Statistics (m/s) 
Position Orien- Good Axes Std Dev (m/s) Compon- Std 
Station (km) tation Number Start Time End Time Data Major Minor Major Minor ents Mean Dev Max Min 
NDBO 46012 -171 105 None 100 121 31 3.55 1.02 u 3.40 2.04 10.6 -2.6 
v -3.65 3.09 7.0 -10.9 
Pigeon Point -191 102 None 100 134 44 4.09 1.69 u 4.40 3.10 12.6 -5.9 
v -3.25 3.17 8.9 -9.9 
Point Pi nos -271 110 None 100 135 45 3.10 2.04 u 3.84 2.63 13.4 -3.5 
v 0.20 2.62 7.2 -8.2 
Monterey -278 110 None 100 159 69 1.81 0.97 u 1.97 1.73 8.3 -1.8 
v -0.59 1.11 2.1 -4.3 
Point Sur -301 115 None 100 112 22 3.60 1.34 u 2.39 1.83 7.6 -3.6 
v -5.09 3.37 7.1 -12.6 
Morro Bay -455 130 1 04/07/1200 04/09/1800 95 167 77 1. 76 1.01 u 1.17 1.73 6.5 -5.5 
2 04/18/0000 04/10/1800 v -0.25 1.06 1.8 -4.9 
Diablo canyon -464 120 1 06/09/0600 06/16/1800 94 136 46 3.88 0.85 u 3.12 2.87 10.7 -3.5 
v -3.05 2.74 4.2 -10.5 
NDBO 46011 -506 90 None 100 128 38 3.36 1.01 u 3.65 2.21 9.3 -2.0 
v -4.49 2. 73 3.0 -10.1 
VWT102 -524 90 1 04/17/0600 04/10/1800 51 124 34 2.17 1.01 u 1.85 1.48 5.9 -3.3 
2 04/28/1800 04/30/1800 v -2.16 1.89 9.9 -7.7 
3 05/12/0600 07/02/1200 
4 07/18/1200 07/10/1200 
VWT301 -540 90 1 04/17/0600 04/20/1800 51 121 31 1.98 1.24 u 0.90 1.48 4.6 -4.5 
2 04/28/1800 04/30/1800 v -2.38 1.82 10.0 -7.0 
3 05/12/0600 07/02/1200 
4 07/18/1200 07/20/1200 
VWT302 -545 90 1 04/17/0600 04/20/1800 49 81 -9 2.73 1. 70 u 0.51 1. 74 8.3 -4.7 
2 04/28/1800 04/30/1800 v -5.59 2.71 4.7 -11.5 
3 05/12/0600 07/02/1200 
4 07/18/1200 07/20/1200 
5 07/25/0000 07/27/1200 
VWT103 -548 90 1 04/17/0600 04/20/1800 51 99 9 3.45 1.05 u 0.96 1.19 4.3 -3.3 
2 04/28/1800 04/30/1800 v -4.02 3.41 2.8 -12.2 
3 05/12/0600 07/02/1200 
4 07/18/1200 07/20/1200 
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TABLE 6: Measured Winds (Continued) 
Coast(!) Principal (1) Principal Alongshore Data Ga E Summary Percent Axes Wind u,v Basic Statistics (m/s) 
Position Orien- Good Axes Std Dev (m/s) Compon- Std 
Station (km) tat ion Number Start Time End Time Data Major Minor Major Minor ents Mean Dev Max Min 
Santa Barbara -623 175 None 100 80 -10 2.40 1.78 u 0.19 2.39 8.4 -5.0 
v 1.01 1.80 4.3 -8.9 
Point Mugu -678 155 None 100 161 71 1.96 1.34 u 1.37 1.91 8.2 -6.6 
v 0.01 1.41 6.1 -6.1 
San Nicholas Island -685 155 1 07/04/0600 07/05/1800 99 136 46 3.57 1.12 u 2.81 2.69 12.2 -3.8 
v -3.02 2.61 4.3 -11.5 
Los Angeles -757 150 None 100 81 -9 2.52 0.85 u 2.29 2.50 7.6 -4.4 
v 0.85 0.93 3.7 -4.5 
Long Beach -785 150 None 100 133 43 2.26 1.55 u 1.00 1.91 8.2 -11.3 
v 1.15 1.96 12.8 -3.1 
San Clemente Island -825 130 None 100 149 59 2.54 1.39 u 2.64 2.29 10.3 -4.9 
v 0.53 1. 78 6.9 -5.1 
San Diego -936 105 None 100 117 27 2.43 1.66 u 2.18 1.85 7.1 -3.0 
v 0.30 2.29 6.2 -4.9 
Imperial Beach -954 10 Man/ 2) 66 149 59 1. 79 1.53 u 2.18 1. 73 5.8 -2.9 
v 1.02 1.61 8.9 3.1 
Notes: 
(1) Angles are measured in degrees from due east; positive is counter-clockwise, negative is clockwise. 
(2) Imperial Beach has 17 short gaps because it is closed on weekends. 
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D. COASTAL SEA LEVEL DATA 
D.1 Statistical Summary of Adjusted 
Coastal Sea Level 
Adjusted coastal sea level statistics 
for all available measurement stations are 
summarized in Table 7. Statistics for in-
terpolated adjusted sea level at the CODE 
grid points are summarized in Table 8. Grid 
points CG02 through CG17 are the only coas-
tal grid points within the alongshore domain 
of sea 1 eve 1 stations. A data gap summary 
is also presented in Table 7. The statis-
tics are computed for stations whose gaps 
have already been patched by linear inter-
polation of data from adjacent stations. 
D.2 Plots of Adjusted Coastal Sea Level 
Plots of 40-hr low-passed adjusted sea 
level time series are 'presented for selec-
ted stations (Figure 8). Enough stations 
are plotted to avoid large gaps in coverage 
along the shelf. As for the winds, the fil-
tering altered the start and end times of 
the series. All data gaps have been filled 
with interpolated data prior to plotting. 
E. ALONGSHORE-TIME CONTOUR PLOTS 
Alongshore-time contour plots of Bakun 
alongshore windstress (Figure 9) and adjus-
ted coastal sea level (Figure 10) are 
TABLE 7: Measured Adjusted Coastal Sea Level (em) 
Station 
Pri nc e Rupert 
Bell a Bell a 
Zebel OS 
Tofino 
Bamfiel d 
Port Renfrew 
Neah Bay 
Toke Point 
Astoria 
South Beach 
Charleston 
Crescent City 
Trinidad Head 
North Spit 
Arena Cove 
Point Reyes 
San Francisco 
Monterey 
Port San Luis 
Rincon Island 
Santa Monica 
Los Angeles 
La Jolla 
San Diego 
Notes: 
Along-
Shore 
Position 
{km) 
1883 
1608 
1349 
1232 
1164 
1110 
1100 
911 
852 
683 
538 
359 
277 
244 
37 
-76 
-126 
-276 
-473 
-650 
-739 
-780 
-920 
-938 
Number 
none 
none 
1 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
1 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
Data Gap Summary 
Start Time End Time 
07/22/0600 07/31/1800 
06/26/1800 07/31/1800 
{1) Sea level time series were demeaned. 
Percent 
Good 
Data 
100 
100{ ) 92 2 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100{ ) 71 2 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Std 
Dev 
5.78 
4.91 
6.38 
4.95 
4.00 
4.22 
6.38 
9.98 
9.15 
5.99 
4.95 
4.99 
4.63 
4.55 
5.28 
6.00 
4.50 
4.09 
4.56 
3.93 
3.99 
3.46 
3.76 
3.46 
Max 
15.2 
12.5 
16.1 
10.2 
8.5 
8.7 
12.5 
25.3 
21.7 
13.3 
9.9 
10.0 
11.2 
11.0 
13.1 
13.2 
9.2 
9.3 
10.6 
10.0 
10.2 
8.2 
9.5 
8.4 
(2) These gaps were filled by linear interpolation before these statistics were computed. 
Min 
-14.8 
-12.8 
-19.7 
-15.6 
-9.7 
-11.0 
-16.1 
-19.0 
-17.6 
-15.9 
-16.2 
-20.2 
-16.2 
-15.2 
-13.9 
-16.7 
-13.5 
-9.7 
-12.6 
-14.0 
-11.6 
-12.5 
-11.0 
-10.9 
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included to illustrate the response of sea 
level to wind stress fluctuations and the 
alongshore propagation of some sea level 
perturbations. Sea level interpolated to 
the CODE analysis grid are used. All series 
are 40-hr low-pass filtered, and have been 
daily averaged prior to contouring. 
TABLE 8: Adjusted Coastal Sea Level (em) Interpolated to the Code Analysis Grid 
Station 
CG 17 
CG 16 
CG 15 
CG 14 
CG 13 
CG 12 
CG 11 
CG 10 
CG 09 
CG 08 
CG 07 
CG 06 
CG 05 
CG 04 
CG 03 
CG 02 
Alongshore 
Position (km) 
1800 
1620 
1440 
1260 
1080 
900 
720 
540 
360 
180 
0 
-180 
-360 
-540 
-720 
-900 
Mean 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Standard 
Deviation 
5.31 
4.89 
5.64 
5.10 
6.61 
9.74 
6.44 
4.96 
4.99 
4.61 
5.44 
4.32 
4.23 
4.20 
3.58 
3.68 
Maximum 
14.3 
12.6 
12.4 
11.4 
13.6 
24.5 
14.4 
10.0 
10.0 
11.4 
13.0 
9.2 
9.2 
10.2 
8.6 
9.2 
Minimum 
-13.8 
-12.7 
-17.0 
-14.7 
-16.2 
-18.9 
-16.4 
-16.2 
-20.1 
-13.2 
-14.9 
-12.0 
-10.8 
-13.1 
-13.2 
-11.3 
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